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PREFACE 

This report describes the development and fabrication of a Flight 
Experiment Electronics Package, The equipment, Helios Dual Swept Frequency 
Radiometer, was designed and built by WTA to satisfy the needs of the Government 
as described in the Technical Specification contained in Contract NAS5-11396 
issued by the Goddard Space Flight Center to WTA on 17 March 1971, 

Included is a summary of activities, a description of the Radiometer, 
and other related information . 
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1.1 SUMMARY 

A contract was awarded to WTA to design and produce a dual swept 
frequency radiometer system for use on the Helios Spacecraft. Under the provisions 
of the contract the following items were to be produced: 

a) Engineering test unit (ETU) Radiometer and preamplifiers 

b) Prototype 1 Radiometer and preamplifiers 

c) Prototype 2 Radiometer and preamplifiers 

d) Flight 1 Radiometer and preamplifiers 

e) Flight 2 Radiometer and preamplifiers 

f) Ground Support Unit (2 units) 

g) Test plans 

h) Engineering Drawings 

i) Calibration Data . - 

Contract No. NAS5-1 1396 was signed on 14 July 1971, and work 
was begun immediately to develop a radiometer to meet the requirements of Spec- 

'i - 

ification No. S-693-P-2, "GSFC Procurement Specification for Helios Dual Swept 
Frequency Radiometer System" dated 29 July 1970 and the related requirements 
specified in GSFC Specification for Reliability and Quality Assurance Provision 
for Hellos Project Instrument No. S-702-P-1A dated 7 August 1970. 

The technical Specification was further modified by amendments 2 

and 3 to the basic contract. 
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1.2.1 Engineering Tesfr Unit 

The design proyressed through the theoretical, breadboard and 
basic layout phases. From basic information and the results of many breadboards, 
an engineering test unit was fabricated that looked somewhat like the final product; 
this unit was demonstrated to GSFC personnel. There were faults in the equipment; 
however, integration into the spacecraft was necessary to aid in the redesign effort. 
The unit was integrated into the appropriate spacecraft at MBB in Munich, West 
Germany . During testing at WTA and during integration at MBB, tests showed that 
the unit needed to be redesigned to meet the technical and compatibility require- 
ments. The major areas requiring redesign were in the preamplifiers, log amplifiers, 
and detector. 

Ti'iose circuits were redesigned and tested and the new designs were 
integrated into the system prior to the manufacturing of Prototype 1 . 

1.2.2 frototype 1 . The Prototype 1 Radiometer was constructed using the 
redesign resulting from the inadequacies noted in the ETU Test Program. The radio- 
meter and preamps were delivered to GSFC for integration into the spacecraft. 

Mr. R, Weber, GSFC, supervised the installation into the spacecraft at MBB in West 
Germany during May 1973 - the unit worked in the spacecraft. The noise level in 
the spacecraft was not particularly high. All functions operated normally with the 
exception of one channel on the radiometer that failed during Thermal Vacuum 
Testing. During integration, MBB found that the circuit grounds and shield grounds 
were not completely separated; they are tied to each other with a 3.3 microfarad 
capacitor. The integration requirements required that there be no connection 
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beJween the grounds. It was later agreed that a .01 mfd capacitor should be used. 
This Prototype 1 unit was not changed but all other units were changed to .01 mfd. 

1.2.3 Prototype 2. The prototype 2 radiometer and preamps were de- 
livered to GSFC in May 1973 and integrated into the spacecraft at MBB in West 
Germany by WTA personnel in September of 1973. The unit worked well. The 
noise level was lower than on prototype 1 . All channels and functions worked 
properly at the time of delivery; however, prior to launch, two oscillators failed. 

1.2.4 Flight 1. The flight 1 radiometer was accidentally damaged during 
assembly by a Government representative. This damage resulted in one radiometer 
being left out of the unit. All other circuits and systems were operational. The 
unit was delivered with its preamplifiers to GSFC in March of 1974. 

1 .2.5 Flight 2, The flight radiometer and preamps were fabricated and 
tested and presented to GSFC for acceptance. The unit was rejected primarily 
because the oscillator (WTA manufactured) seals were suspect since some were 
found to be beyond the original specification limit. In addition, the flight 2 
fadiometer failed vibration tests five times, ground connections in the IF amplifier 
PC boards and one connection to the mixer were broken, and one connection on 
the radiometer was suspect. The connection was replaced, the connection to the 
mixer was repaired, and the grounds were repaired and strapped with jumper wires. 
The radiorneter subsequently passed vibration and Thermal Vacuum Testing. 

Flight 2 was integrated into the spacecraft and tested at MBB, 

West Germany during March 1975. WTA personnel were present and helped per- 
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form the testing. AH functions worked properly. The noise levels in channels 
13, 14, and 15 of both radiometers were higher than before integration; this was 
confirmed by comparing computer printouts of noise levels of Flight 1 to Flight 2. 
The noise levels on these two systems were comparable. MBB and GSFC personnel 
were notified of the facts. Integrated test data was delivered to GSFC personnel 


during March 1975. 
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SECTION 2 
RADIOMETER SYSTEM 
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2.1 OPERATION OF SYSTEM 

The Radiometer System is designed to operate in conjunction 
with an experiment computer know as the DPU. In its intended condition, all func- 
tions are controlled by the DPU. 

Basically, a Radiometer system consists of two separate Radiometers, 
A and B, arranged so that one or the other can be commanded into operation. As the 
system is arranged. Radiometer B is always selected when power is initially applied 
to the Radiometer System. Additionally, two preamplifiers are connected to a dipole 
antenna system and so arranged that signals in phase to both antennas are cancelled 
and signals out of phase are processed by the Radiometer. 

The Radiometer system is designed to process noise signals In the 
frequency band from 20 kHz to 3.00 MHz in 10 kHz wide increments. The tuning 
of the system is accomplished by switching the output of one of sixteen crystal -con- 
trolled oscillators in the mixer, thereby allowing the Radiometer to sample approx- 
imately 160 kHz of the band in 10 kHz segments. 

The dynamic range of approximately 90 db is accomplished by 
automatically switching the gain of the preamplifiers in three, 30 db ranges. With 
this arrangement, the RF section of the Radiometer sees only a limited dynamic range 
signal, about 40 db. 

The RF section operates at 21 .4 MHz IF frequency and the local 
osbillator frequencies range from 21,4265 to 24.400 MHz, The exact frequencies 
are listed in table 2-1 . 
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TABLE 2-1 

RADIOMETER OPERATING FREQUENCIES 


CHANNEL 

CRYSTAL FREQUENCY 

OPERATING FREQUENCY 

1 

21 .4265 MHz 

26.5 kHz 

2 

21.450 MHz 

50.0 kHz 

3 

21.465 MHz 

65 kHz 

4 

21 .485 MHz 

85 kHz 

5 

21.515 MHz 

115 kHz 

6 

21.550 MHz 

150 kHz 

.7 

21 .595 MHz 

195 kHz 

8 

21 .655 MHz 

255 kHz 

9 

21.740 MHz 

340 kHz 

10 

21.845 MHz 

445 kHz 

11 

21.985 MHz 

585 kHz 

12 

22.165 MHz 

765 kHz 

13 

22.410 MHz 

1.010 MHz 

14 

22.720 MHz 

1.320 MHz 

15 

23.680 MHz 

2.280 MHz 

16 

24.400 MHz 

3.00 MHz 
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The signal presented to the DPU is a log“Compressed analog voltage 
and a range flog consisting of two bits. 

An internal non-redundant noise source con be switched by command 
into the preamplifier inputs and thereby effect an end-to-end system calibration. 

The Radiometer System provides a temperature monitor and two 
monitor and two voltage monitor outputs, a ~6 VDC monitor and a + 12 VDC monitor . 

As a system, the radiometer operates in the following manner. A 
signal is picked up by the satellite dipole antenna and is presented to the preamplifier 
injsuts. Since the received signal is assumed to be a noise function of some frequency 
distribution, only the 10 kHz wide portion around the operating frequency (the 
operating frequency is the difference between the local oscillator (LO) and the IF 

center frequencies) is processed. The Radiometer then amplifies the noise signal, 

i 

detects it with an AM detector, and compresses it logarithmically. If the compressed 
output is within the operating range of about .5 to 4.5 volts, the signal and the 
indicated range are sent to the DPU. If the signal is outside these bounds, the 
Radiometer automatically selects the appropriate range and sends the proper command 
to the preamplifier to adjust its gain. There are three discrete gain positions of the 
preampi ifiers, 0 db, +30 db, and db gain. These gain settings are automatically 
adjustable and cannot be set in any position by external signals. 

Upon command of the DPU, the Radiometer selects the designated 
Ld frequency and will then process that selected noise spectrum and present a DC 
voltage in the range of .8 to 5.0 VDC to the DPU for further analysis and transmission 
from the spacecraft. 
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THEORY OF OPERATION 
SECTION 3 
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3*' SYSTEM BLOCK DIAGRAM 

A block diagram of the Radiometer system is shown in figure 3-1. Minus gains 

refer to Voltage losses. 

3.1.1 Pream£. Signals from the antennas enter the preamplifiefs through the 0 db 

input stage, the purpose of which is to effect an impedance transformation from the very high 
antenno impedance to the lower levels used in the omplification circuitry. The preampiifier 
input impedance is approximately 10 megohms ot very low frequencies with opproximotely 7.5 pf 
differential input capacitance. 

Attenuator No. I attenuates the signal at either 10 db or 40 db depending on the 
stote of the command from the Radiometer. Following this is on identical stage of attenuation 
ond gain. The output of the second 40 db amplifier drives a buffer amplifier thot connects the 
output to a balanced 50 ohm output to drive the combined load of the interconnecting coble 
and the Radiometer input balun. 

The signals from the two preamplifiers are "subtracted" in the balun and, since 
the desired inputs are out of phase, the signal in the secondary of the balun Is then the vector 
addition of the two preamplifier outputs. Each preamplifier has a relay in the input to switch 

In a calibration signal from the Radiometer. 

3. 1 . 2 Bolcw. The balun provides a means of operating either Radiometer without the 

need for on elaborate switdhing network. The signal from the preomplifiers is always equally 
divided between the two Radiometer inputs. 


3-2 
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3.1.3 Mixer Local Oscillator. Following the balun is a matching network to provide 
the necessary impedance transformation between the balun and the mixer. The mixer provides 
the non-linear element necessary to convert the input to the 21.4 MHz IF frequency. The local 
oscillator provides the offset frequency. The outputs of ail 16 oscillators are connected in 
parallel but only one has power applied to it through the Radiometer frequency select logic. 

This common bus is applied to the mixer through a leveling amplifier which provides a constant 
level to the mixer regardless of the output level of the oscillator. This circuit arrangement 
reduces the requirements on the amplitude tolerance and the stability of the oscillators. 

3. 1.4 Crystol Filter . The output of the mixer is coupled into the matching network 
and then into the 10 kHz wide crystal filter which has a center frequency of 21.4 MHz. These 
two frequencies were specified by GSFC. 

3.1.5 IF Amplifier. Following the crystal filter Is another matching network followed 
by two IF amplifiers, each consisting of a Motorola MC 1552 integrated circuit amplifier and 
its associated components. 

3. 1.6 Detector - Log Amp . The detector which follows the second IF amplifier is an 
averaging detector using a current biased detection diode. The output of the detector is a linear 
function of input power. The desired output is a logarithmic function of input power; therefore, 
a logarithmic amplifier is utilized to create an output voltage that is representative of power 

in db's. The output of the log amplifier is buffered and sent to the DPU. 
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3)7 Output . The output of the Radiometer is cottstroined ot the upper limit by the 

*6 «lt power supply =od ct the lower limit by the threshold noise (-0.25V). This threshold is 
estoblished by odiustlng the IF goln to provide o noise floor that represents a positive output 
of opproxlmately 100 to 200 millivolts at Channel i frequency. This threshold reduces to about 
50 to 100 millivolts at Channel 16. This frequency roll-off is due primarily to the RC characteristics 

of the preamplifier input circuitry. 

3. , . 8 Panne Control Methods. The output of the log amplifier is also connected to 

the range control circuitry which consists of on upper and lower limit comparator, logic, shift 
register, oscillator, and range logic. Depending on the state of the comparators, o signal is 
„nt to the shift register to shift to a higher or lower range, or do nothing, which happens in 
the cose where the output signal of the log amplifier is greater than tO.5 volts and less than .4.5 
volts. If that level exceeds +4.5 volts, a signal is generated that causes the shift register to 
advance in the direction that decreases the preamplifier gam. Conversely, if the signal dips 
below .0.5 volts, the shift register moves in the direction necessary to increase the gain. When 
the logic ranges to either the maximum or minimum goin and the output signal is still outside h 
obove bounds, the logic stops operating and the unit remains in the higher or lower state. 

3 . 1.9 The noise source is commanded “on'' by an external command from the 

bpu. Upon command, the noise source power is applied and the Pwo preamplifier relays switch 

the noise signal into the preamplifier input and disconnect the antenna inputs. The no 

brood band and covers the desired frequency range of 25 kHx to 3 MHz. 


3-5 
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3.2 RADIOMETER REDUNDANCY 

The radiometers, "A" and "B”, are commanded "on" qt a time. Radiometer 
"B" will "on". After approximately 30 seconds (the time required to charge a capacitor), 
radiometer "A" can be commanded "on" or the system can be left in channel "B" mode. 

3.2.1 Circuit Description . Each circuit of the radiometer is discribed; with the 
description is a circuit diagram and a photograph of one of the prototype or flight units. 

3.2.2 Preamplifier Circuit Description . The preamplifier is supplied with +6 VDC 
power from the power relay. The input is connected (see figure 3-2) to either the antenna 
or noise source by relay K 1 . Input resistor is normally 2 K; the resistor is mounted on 
standoffs so that it con be changed to some other value If desired. The signal Is buffered 

by a F.E.T. , Q] , in a bootstrap circuit, so that the input circuit appears as many meg ohms 
shunted by approximately 7.5 p.f. The output of the F.E.T. presents a low impedance to 
the 1 st gain change network. Q 2 and Q 3 help to stabilize the output of Q] over its full 
operating voltage range. The network C^, C 9 , C 42 , ClQ/ C]], C| 3 , Ri 2 , ^16/ *^17/ and 
R ]0 make up the gain changing pad. When Q4 is "off" the gain Is -10 db and when Q 4 is 
"on" the gain is -40 db. 

The output of the gain changing pad ***1 is connected to amplifier Z ] . No. 2 
is an operational amplifier with compensating components designed to reduce temperature 
effects on the amplifier. The gain of Z] is 40 db. 

The output of Z] is attenuated by the second gain changing pad. This pad is 

..I 

like the first one. Gain change is accomplished by operating Q 5 . The signal is attenuated 
by either lO db or 40 db depending on the state of O 5 . 

The output of Z 2 is amplified and attenuated by a wide range high level amplifier. 


3-6 
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Q 6 . Qy, Qq, Q 9, Q| 0 / I / ® 12 * resuU is a linear amplification in 3 

ranges of +50 db to -40 db that is flat from 25 kHz to3 MHz and provides a 50 ohm output 
to the coax cable that feeds the balun. 

The preamplifier is packaged on 2 printed circuit boards and housed in a GFE 
box. Figures 3-3, 3-4, 3-5 show each board and installation in the box, respectively. 

3.2.3 Baiun, Mixer and Crystal Filter Circuit Description . Balanced signals from 

each preampi If ier are supplied to the balun T^. The input to the balun is resistively matched 
to the 50 ohm coax to effect maximum power transfer. 

Each preamp feeds the balun 180® out of phase, with respect to the opposite 
preamplifier, so that only those signals or components that are 180® out of phase at the preamp 
inputs will be amplified. Signals in phase will be cancelled. The physical arrangement of 
the balun Is shown in figure 3-6. The balun transformer and matching resistors are contained on 
a single PC board *^PC732. (figure 3-7) 

This output of the balun is sent unbalanced to either radiometer A or B. This 
output is reactively matched to the balanced mixer M. The output of the mixer is reactively 
coupled to the crystal filter. Since the filter impedance is high (i.e. 750 ohm), an auto- 
transformer tuned with C 49 and C 25 provides the matching at 21 .4 MHz. 

The operation of the mixer is such that a local oscillator input of constant ampli- 
tude and selectable frequency is mixed with the input to produce a 21 .4 MHz ±5 kHz output. 

i. 

The input frequencies range from 25.5 kHz to 3 MHz. The local oscillators are on the high side 
and range from 21.4265 MHz to 24. 4 MHz. Since the Input is quasi-random noise, the output is 
d noise spectrum that is flat at least over the 10 kHz of Interest. The physical arrangement of 
the mixer and Its associated components is shown In figure 3-8| all components are mounted on 
a PC board **'PC 721. 
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Figure 3-3. Component Location, Pteompllfler Board 1 
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Figure 3-4. Component Location Preamplifier Board 2 
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Figure 3-5. Preamplifier Boards 1 and 2 Installed 
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The filter is a monolythic crystal filter manufactured by Reeves Hoffman in Mt. 
Holly, Pa. The unit has a 10 kHz band width and steep slopes on each side of the bandpass. 

These characteristics of the filter are only realized if the input and output are properly matched 
to 750 ohms. This matching is done in the mixer board and in the IF amplifier board. The 
crystal filter is shown in figure 3“9* 

3.2.4 IF Amplifier Circuit Description . The IF amplifier operates at 21 A MHz and 
provides enough gain to properly operate the detector. As previously mentioned, the input 
must provide an impedance of 750 ohms for the crystal filter. This is accomplished by L 4 , C 50 , 
and 1^23* signal is amplified by two cascaded amplifiers, A 3 and Ai 9 ; these amplifiers are 
Motorola MC 1552 units externally compensated to be stable over the required temperature 
range. The unit is contained on a single PC board ^PC 784 (see figure 3-10). The schematic 
diagram is shown in figure 3-11 . 

3 . 2.5 Detector Circuit Description. The detector works well when detecting a signal 

composed of mostly noise. The input (see figure 3-T2) is matched to Q 20 capacitors 

C 25 and C 26 and the choke L^. Proper bias is provided by a resistor divider network. The 
undetected signal, i.e. 21 .4 MHz, is amplified by Q 20 and further amplified by Q 21 . Resistor 
R 29 provides negative feedback to energize and stabilize the amplifiers. The amplifiers are 
tuned by an LC tank circuit. Tuning is accomplished by spreading or compressing the turns 

pn the toroids (L5, L^, L7). The output Is detected by diode CR 4 and supplied as a DC voltage 
at the output. The unit Is located on PC ^785 (see figure 3-13). 

3 2.6 Log Amplifier Circuit Description. A log amplifier is used to produce an output 

that is the logarithm of the input. The input operates from 4 millivolts to 500 millivolts and 
produces an output that varies from IV to 5 V. The log action is provided in the feedback loop 
ofA?(seefigures3-14ond3-15). 
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Figure 3-10, Gimponent Location, IF Amplifier (PC 784) 
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Figure 3-12. Schematic Diagram, Detector (PC 785) 
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Figure 3-13. Gjmponent Location, Detector ( 
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Figure 3-15. Schematic Diagram, Log Amplifier (PC 729) 
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The input is coupled Into the inverting Input of the amplifier through R 32 and Rgg. 
Offset correction is provided by R 34 and R 36 ; these resistor values are determined at test and are 
rtormally 5.1 ohms. Transistor QlOA fhe feedback path of A 7 . The base emitter junction 
becomes a feedback resistor whose resistance is the log of the current flowing through It. 

Transistor helps to make the transfer characteristic exactly logarithmic. The output voltage 

i 

i |5 therefore the log of the input voltage. The other half of the transistor is used as a diode 

to compensate for the residual effect of Q^qA’ Amplifier Ag provides a convenient place for 
temperature compensation. The TBD thermistors are chosen to provide offset (or drift) stability 

(RlOl/ 1 ^ 102 ) and gain stability (R]03/ Rio4 )* 

The output of Ag is delayed by a 3 ms time-constant and is connected to the 
range logic. The same output is also delayed by 8 ms and is supplied to telemetry via a unity 
gain amplifier A 9 . Both outputs are a log representation of the input. 

Range Switching Circuits Description. Range switching circuitry Is arranged 
on PC boards 727/ 728 and 726. Since operation of all the circuits is Interrelated all will be 
discussed together (see figures3-16, 3-17, 3-18 and 3-19). The input to the comparator Is 
connected to pins 3 and 2 of A^and A]g respectively. These amplifiers are connected as 
comparators and biased at + . 8 volts for A ^ 3 and +4.5 volts for A^ 7 . When the voltage increases 
above +4.5 volts (up range condition), a positive spike occurs on its output and tells the logic 
to increase. When the voltage falls between 4.5 volts and .8 volts the output Is a negative 
spike which does not operate the logic. When the voltage decreases below +.8 volts, a 
positive spike is produced from Ajg; this tells the logic to decrease. Selection of R^^, R^^ 
ohd R ^7 is made to assure that 2 db or more of hysterisis is provided to keep the system from 
oscillating from one range to the other . The logic transformation Is done in integrated circuit 
numbers Ag, A^q, A||, A^ 2 / A] 3 / A^^ and part of A^^. Two of the gates of A^^ are 
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Figure 3-17. Component Location, Range Switching Circuitry, 
Logic 1 (PC 726) 
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Figure 3-18. Component' Location, Range Switching Circuitry, 
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used as a clock to control the logic. The A ^5 gates are input gates; A]], ^13 

provide non-ambiguous output to the counter A^q. The range outputs are buffered by 
A 9 and connected to the telemetry range flags and preamps to provide range switching. 

3.2.8 Oscillator Circuit Description. Local oscillator power for the mixer is provided 

by 16 identical oscillators timed by a separate crystal for each channel. The oscillator fre- 
quencies are shown in table 3-1. 

All oscillators are the same and are packaged in flat packs using hybrid circuitry. 
The circuit is shown in figure 3-20. The gate transistor controls the operation of the 
oscillators. The oscillator transistor^ Q 2 is tuned by an external crystal and the tank circuit 
L]/ C 3 , C 4 and C 5 . 

The oscillators are connected together as shown in figure 3-21 . Component 
location is shown in figure 3-22. All outputs are common. Logic inputs to operate the 
oscillators one at a time are the C and D inputs plus the gate input for each oscillator, 1 
through 16. To operate, the oscillator must have +6 volts and ground applied through a 
proper combination of C and D and the gate for the oscillator must be turned "on". 

The logic for turning "on" the oscillators is shown in table 3-1 . The circuitry 
is located on the log amp board No. 729 (see figure 3-24). 

The logic table for the oscillators is shown on the following page. 
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TABLE 3-1 

OSCILLATOR LOGIC TABLE 


Channel 

A 

B 

c 

D 

1 

1 

1 

+ 

+ 

2 

0 

1 

+ 


3 

1 

0 



4 

0 

0 

+ 

+ 

5 

1 

1 

0 


6 

0 

1 

0 


7 

1 

0 

0 

+ 

8 

0 

0 

0 

+ 

9 

1 

1 

+ 

0 

10 

0 

1 

+ 

0 

11 

1 

0 


0 

12 

0 

0 

+ 

0 

13 

1 

1 

0 

0 

14 

1 

0 

0 

0 

15 

0 

1 

0 

0 

16 

0 

0 

0 

0 


3.2.9 AGC Amplifier Circuit Description. The outputs of all 16 oscillators are 
tied together at a common point. The AGC amplifier takes this output and provides a constant 
input level to the mixer. The circuit is shown in figure 3~25. Component arrangement is shown 
In figure 3“26. The Input is amplified at its operating frequency of 21 .265 MHz to 24.4 MHz 
and, detected by diode CR^, CR^, amplified by A 2 , and fed back to a FET connected as a 
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Figure 3-20, Schematic Diagram (Typical) Oscillator 
(WTA 76) 
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Figur* 3-21, Block Diagram, Oiclllators (PC 730-1, -2, -3, and -4) 
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Figure 3-22. Component Location, Oscillator 
(730-1, -2, -3, -4) 
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Figure 3-24. Schematic Diagram, Oicillotor Switch (PC 729) 


HELIOS RADIOMETER EXPERIMENT 













OUTPUT TO MIXE« 


PC 724 


4.7MEC 


MCI552- 
6h2 ^ 




2N23^ 

C9 

. -1 

CR3 
IN 5711 

R7 3S0K 
^AAA— 

i * 

-,CRI 

^ 1 ^ 1 1 i 

loi'pF^ 

> 

>R5 

5.|K 

ciJ 1 

rir 

Z'- 

IN64S 

< 

< 

»JL— 

T 

M(:or 

y 

rCR2 J 


1000 PF — 



IL >R\ 
rOI ?I00K 


2N325I 


E4 1-6V 


Figure 3-25. Schematic Diagram, A.G.C. Amplifier (PC 724) 
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variable resistor to control the AGC gain. The unit is set up to give an output of 1 milliwatt by 

selecting to give the proper output. 

3.2 JO Noise Source Circuit Description . The noise source is used in the system to 

provide a calibration signal to the input of the radiometer. The output is essentially flat in 
frequency from 26.5 kHz to 3 MHz and beyond. The circuit is shown in figure 3-27. Com- 
ponent arrangement is shown in figure 3-28. 

The noise diode CR| provides the broad band noise when reverse biased by the 

+ and -6 VDC supply. The output frequency response of the diode is shaped by an RC filter, 
R48-52a»i^ C 18-21 • 

Amplification is provided by A^ . The signal is attenuated by R^q and Q 5 , 
further amplified by Q^, Q 7 , and Qq, and attenuated again by R 25 and Q 9 . 

The output is connected to a transformer T^ and coupled to each preamp 

180® out of phase as required. 

The levels of noise output are.chosen so that the initial output with both 
attenuators energized will fall at the top of range 3 . By turning A "off the level decreases 

to the bottom of range 3. By turning B "off" the level should be in the middle of range 2. 

! 

By turning off both A and B the level decreases to the middle of range 1 . These levels are 
approximate and are given to provide fixed calibration points to each range and each channel . 
3.2.11 Switching Gicuit Description . Switching is provided for +12 volt power and ±6 

volt power to all circuits. In addition, all input commands are buffered and used to operate 
the radiometer. The switching circuits are contained on PC boards 725 and 723. 

All command inputs are buffered by balanced FET inputs as shown in figure 3-29 
(component arrangement is shown in figure 3-30). All Input amplifiers are the same as the 


noise level amplifier. 


3-37 




HELIOS RADIOMETER EXPERIMENT 














I 


i 

I 



» 


CJ 

I 




Figure 3-29. 


Schematic Diagram, Switching Circuit (PC 723 and PC 725) 
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Noise source switching is accomplished by the four inputs Ny, N 2 , N 3 , and 
N 4 and the logic action of diodes CR 7 , 8 , 10 , 14, 16, 17, and 18. The two outputs A and 
Bare used to provide the required outputs. 


The redundancy command is used to switch from radiometer B to A and from A 
to B. When the radiometer is first turned "on" and no redundancy command is applied, Q 3 
will provide power to radiometer B through Relay Ky. When a command is received, Q3 will 
release and Q4 will conduct, causing power to be applied to radiometer A. The unit can be 
switched from A to B or B to A as required. If power is applied initially to A, the relay 
may jam. If both Q3 and Q 4 come on at the same time, the K] relay will not close in either 


position. To alleviate this condition, one must operate the command input to B, 
position the circuit will stabilize with Q 3 "on" and Q 4 'bff". The time constants 


In this 
of C 5 , 


5 


C) 0 , and Ri 5 are 10 seconds. To ensure thot the circuits hove stabilized, one must keep the 
command B circuit energized for ot least 20 seconds, then one may switch from radiometer to 

radiometer without fear of malfunction. 

The oscillator commands A, B, C, and D are buffered and connected to the 

oscillator switching as previously described. 

3,2.12 Intra- System Connections. To facilitate understanding and analysis, a foldout 

figure 3-36 (figures 3-37 and 3-38 show two views, A and B, of an assembled radiometer) is 
provided at the end of this report which shows how all circuits are connected within the radio- 
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3.3 OPERATING INSTRUCTIONS FOR HELIOS GROUND SUPPORT EQUIPMENT 

The operaHng instructions prepared for use with the GSE are a part of this 
section. These instructions describe the equipment and its operation. Two photographs are 
included: The front panel (operating position) is shown in figure 3-31 and the inside of the unit 
is shown In figure 3-32, 

3.3.1 Ground Support Equipment . The Helios Ground Support Equipment provides all 
power, signals and corhmands necessary to operate the dual swept radiometer in all modes of 
operation. It is capable of being externally controlled by the DPU and monitored by computer. 

3.3.2 Functional Description . 

3.3.2. 1 Radio Frequency Section 

3.3.2. 1.1 Wide Band Mode . In the wide band mode a high-level, wide band noise signal 

is produced in the noise source module. This signal Is coupled through an attenuator to the 
model switch . 

3.3.2. 1.2 Narrow Band Mode . In the narrow band mode, the noise signal from the noise 
source module is coupled through a resistive divider to a bandpass filter with a center frequency 
of 8.0 MHz and a bandpass of 40 kHz. The output of this filter is injected Into the RF port of a 
mixer where it is heterodyned with an L.O. signal brought to the mixer from an external source 
through a resistive divider. The output of the mixer is fed to an amplifier located in the noise 
source module. This amplifier signal is then coupled to the mode switch. 

3.3.2. 1 .3 Sine Wave Mode . In the sine wave mode, an external signal is brought through 
an attenuator to the mode switch. 
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3 3 2. 1.4 External Mode . In the external mode, an external signal is brought directly 
to the mode switch. 

3.3.3 Power Section . The power section monitors the currents and voltages that power 

the radiometer. The GSE power "on" switch turns power on to the GSE to allow warm-up of 
the noise source. The radiometer switch controls power to the radiometer. The t 6 volt lines 
con be monitored for voltage with the DVM on external with a patch cord. The reset push- 
button resets all the internal automatic timing circuitry to the start of the cycle. 

3 ^ 3,4 Clock Section . The clock section controls the timing of the radiometer. Three 

different clock rates are provided for selection of the optimum rate for the test to be performed. 
In the normal mode the radiometer will step one channel each time the manual step switch is 

depressed. 

3.3.5 Frequency Section . The frequency section controls and displays the internal 

frequency of operation in the radiometer. The CHANNEL monitor decodes the four-line 
command going to the radiometer and displays the channel number in operation. 

The radiometer A/B switch commands the redundancy switching circuit in the 

radiometer to turn on the respective radiometers. 

The control DPU/INTERNAL switch selects the source of control for the radio- 
meters oscillators. On INTERNAL, the oscillators are stepped with the clock. On DPU, four 
control lines from an external source directly control the channel selection. 

3 . 3.6 Cycle Selection Section . The CYCLE/STEP switch controls the number of 

complete oscillator cycles 06 CHANNELS/tYCLE) before the attenuation changes. 
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3.3.7 ColibraHon SecMon . The CALIBRATE block produces the calibrate commands 
to initiate the calibration cycle of the radiometer using its internal noise source. 

To initiate a calibrate command, the switch is depressed and released. With 
the calibration switch In the AUTO position, the GSE unit will cycle through all sixteen 
channels at each of the four noise levels and then terminate. By throwing the CAL switch 
to MANUAL, the noise source can be stepped manually with the MANUAL STEP. 

Throwing the CAL HOLD/CAL CMMD switch to CAL HOLD will hold the 
radiometer in calibrate until the switch is released to the center position at which time the 
cycle will then finish the normal sequence and terminate. 

Four lamps indicate the particular command being sent to the radiometer; 
these lamps illuminate only during a calibration cycle. 

3.3.8 Stimulus Control Section . The STIMULUS controls the internal and external 
signal (noise) sources and levels used to stimulate the radiometer. The source levels can be 
controlled either manually or automatically. 

The STIMULUS selector switch selects the desired source. The WIDEBAND 
NOISE is a direct output from the internal noise source. The NARROW BAND NOISE is a 
shaped signal 40 kHz wide and centered around the channel in use. The SINE WAVE Is a 
sine wave tuned to the channel in use. The EXTERNAL position allows the use of any other 
desired generator. 

The selected source is routed through the two attenuators. The automatic 

attenuator has a range of 129 db in 1 db steps and the MANUAL ATTENUATOR has a 70 db 
range in lOdb steps. The automatic attenuator can be controlled manually by use of thumb- 
wheel switches. The ATTN SWITCH selects the desired mode of attenuation. 
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In the AUTO position, the attenuator steps every time the channels complete 
a complete cycle (16 positions). The number of db/attenuator steps is set v/ith the DB/STEP 
thumbwheel switch. 

The attenuation, DB indicator always shows the setting of the auto 
attenuator independent of the operating mode. 

The network selector selects the desired network to condition the signal as it 
enters the preamp. A lamp indicates that the relays in the network are drawing power. 

3.3.9 Radiometer Monitor Section. This section monitors the outputs of the radio- 

moter and recerds the teto! eKperiwent operating tiine. This DVM^ when ON INTERNAt, 
monitors the output of the cornmanded radiometer (A or B). On EXT, any DC voltage can be 
monitored with the use of test leads to the EXT IN jacks. The DVM TC switch filters the 
input signal with qn RC time constant. 

The output of radiometers A and B are available for connection to external 
equipment. The TEMP monitor provides g connection to the thermistor in the radiometer . 

Four lamps indicate the range in which the radiometer is currently operating. 
The elapsed time meter (ETM) records the operating time of the radiometer. The meter Is "on" 
When the TIMER ON lamp is illuminated. The ETM will come "on" only when the radio- 
meter is connected and drawing power. Thus, if the radiometer power switch is "on" and 
the radiometer is not hooked up the ETM will not run. 
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TABLE 3-2 


GROUND SUPPORT EQUIPMENT CONTROLS 




Power 


RADIOMETER - ON 


Applies power to the radiometer when 


the GSE switch is ’bn" 


GSE - ON 


Turns power 'bn "for the GSE and enables 


RESET 


the radiometer "on" switch. 

Resets the GSE to the beginning of all 
automatic cycles (CHANNEL SELECT, 
CALIBRATE, AND ATTENUATOR). 


Clock 


RATE 


Selects GSE clock frequency for 


AUTO/MANUAL 


sequences. 


Manually steps channels one at a time. 
Selects method of stepping channels. 


Frequency 


CHANNEL 


RADIOMETER 


Shows channel number selected. 
Selects radiometer to be powered. 


CONTROL 


Selects control method for channel 


stepping. 
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Control 

Function 

Cycle 

■i 

CYCLES/STEP 

Selects the number of complete channel 


cycles before attenuator or noise 


calibration steps. 

Calibrate 


N1-N4 

Shows the calibrate command that is being 


sent to the radiometer. 

CAL 

Selects either automatic or manual stepping 


of noise commands. 

CAL CMMD/CAL HOLD 

Generates a calibration command or holds 

I ■ 

radiometer in calibration. 

Stimulus 


ATTENUATION, DB 

Shows setting of automatic attenuation. 

ADDITIONAL ATTENU- 
ATION 

Selects attenuation additional to auto 

i ; 

attenuation. 

manual attenuation 

Selects attenuation in manual mode by 

1 ' ; ■ . ■ 
t : ■ 

use of thumbwheel switches. 

INtERNAL NOISE 

Turns GSE noise source "on" or "off." 

ATTN 

i ' i' ; • ' ■ 

Selects the method of control for the 


programmable attenuator. 

DB/STEP 

Selects db step size in the automatic 


mode. 
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Control 

Function 

Selector 

Selects the stimulus source. 

Relay Selector 

Selects the network in calibration cans. 

RELAY CURRENT 

Indicates power being drawn by relays 


In calibration assembly. 

Radiometer Monitor 

, 

DVM 

Supplies digital readout of DC voltages 

: I' : ■ 

on radiometer outputs. 

EXTIN 

Inputs of DVM. 

DVM 1 NT/EXT 

Selects Internal or external connection 


to DVM . 

DVM TC 

Selects time constant of Input filter 


on DVM. 

1 TIMER 

Elapsed time meter for radiometer 


running time . 

TIMER ON 

Indicates when the timer Is running. 

A OUT, B OUT , 

Outputs of radiometer. 

Temperature 

Radiometer thermister connection. 

, R] / ^2/ R 3 

Range of radiometer automatic gain 


circuit. 
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3.4 


Step 


OPERATION 

Operating FREQUENCY Determination 

1. Set up test equipment as shown in Figure 3-33. 

2. Set signal generator output to 1 V rms. 

PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW: 
CLOCK SECTION 

3. RATEtoXlO 

4. AUTO/MANUAL to MANUAL 
FREQUENCY SECTION 

5. RADIOMETER to A 

6. CONTROL to INTERNAL 
CYCLE SELECTION SECTION 

7. Set to one 

STIMULUS CONTROL SECTION 

8. INTERNAL NOISE to OFF 

9. INPUT SELECTOR to EXTERNAL 

10. MANUAL ATTN to 60 db 

11. ATTN to MANUAL 

12. ADDITIONAL ATTENUATION to 0 
RADIOMETER MONITOR SECTION 

13 . DVM to I NT 

14. DVM TC to 0 
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15. Turn radiomefer power on 

16. Verify CHANNEL 1 ON 

17. Verify attenuator qt 60 db 

18. Adjust signal generator to frequency 1 

19. Adjust frequency for a maximum reading on DVM 

20. Record frequency and DVM level 

21 . Decrease signal generator amplitude by 3 db 

22. Record DVM level 

23. Return signal generator to original amplitude, as in Step 19. 

24. Locate frequencies above and below original frequency which show the 
same DVM level as in Step 21 - Record frequencies 

25. Add frequencies and divide by 2. Record on data sheet 

26. Depress step button in clock 

27. Repeat steps 16 through 26 for frequencies 2-16 

28. Repeat steps 16 through 27 for radiometer B 

Signal Response - WIDE BAND NOISE 

1. Sef“Up test equipment as shown in Figure 3-34 

PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW: 
CLOCK SECTION 

2. RATE to XIO 

3 . AUTO/MANUAL switch to MANUAL 
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FREQUENCY SECTION 

4. RADIOMETER to A 

5. CONTROL to INTERNAL 
CYCLE SELECTION SECTION 

6. CYCLES/STEP to 1 
STIMULUS CONTROL SECTION 

7. ADDITIONAL ATTENUATION to 0 

8. Selector switch to WIDEBAND NOISE 

9. ATTN switch to AUTO 

VO. INTERNAL NOISE to ON 

n. DB/STEPto03 

RADIOMETER MONITOR SECTION 

12. DVMtoINT 

13. DVM TC to 0 

14. Turn RADIOMETER power ON 

15. Verify TIMER ON lamp illuminated 

16. Record reading on elapsed time meter 

17. Depress RESET 

18. Record reading on DVM 

•19. Depress STEP switch and verify GSE channel indicator goes to next channel 

20. Record reading on DVM 

21. Continue steps 19 and 20 for all 16 channels 

22. Verify ATTENUATION, DB cb nges 3 db 
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3.4.2. 

Step 


? ' 23. Repeat steps 19 through 22 until attenuator resets to original 

reading (129 db) v 

;24. Repeat steps 17 through 23 for RADIOMETER B 

1; ' ‘25. If no more tests at this time, turn off radiometer power and record 
elapsed time meter reading 
Signal Response - NARROW BAND NOISE 

1. Set-up test equipment as shown in Figure 3”35 

; ;PLACE GSE control switches in the positions indicated BELOW: 
CLOCK SECTION 

2. RATEtoXlO 

3. auto/manual switch to MANUAL 

FREQUENCY SECTION 

4. RADIOMETER to A 

i . ■ . 

5. CONTROL to INTERNAL 
CYCLE SELECTION SECTION '' 

6.. CYCLES/STEP to 1 

STIMULUS CONTROL SECTION 

7, ADDITIONAL ATTENUATION to 0 

8, Selector switch to NARROW BAND NOISE 

9, ATTN switch to AUTO 

fO. INTERNAL NOISE to ^ ^ ^ ^ ^ ^ 

iv DB/STEP to 03 
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RADIOMETER MONITOR 

12. DVMtoINT 

13. DVTTCtoO 

PLACE SYNTHESIZER CONTROL SWITCHES IN THE POSITIONS 
INDICATED BELOW: 

14. Set 10 MHz, 1 MHz, 100 kHz, 10 kHz, 1 kHz, and 100 Hz decades to R 

15. Set 10 Hz and 1 Hz decade to 0 

16. Push CAD OFF 

17. Set output volts to 2 V 

18. Turn RADIOMETER power ON 

19. Verify TIMER ON lamp illuminated 

20. Record reading on elapsed time meter 

21. Depress RESET 

22. Record reading on DVM 

23. Depress STEP switch and verify GSE channel indicator goes to next channel 

24. Record reading on DVM 

25. Continue steps ■ 23 and 24 for all 16 channels 

26. Verify ATTENUATION, DB changes 3 db 

17 , Repeat steps 23 through 26 until attenuator.' resets to original 

reading (129 db) 

28. Repeat steps 21 through 27 for RADIOMETER B 

29. If no more tests at this time, turn'bff'Vadiometer power and record elapsed 
time meter reading 
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3.4.3 

Sfep 


Signal Response - Sine Wove 

1 . Set-up test equipment as shown in Figure 3-35 

.PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW: 
CLOCK SECTION 

2. RATE to X 10 

3. AUTO/MANUAL switch to MANUAL 
FREQUENCY SECTION 

4. RADIOMETER to A 

5. CONTROL to INTERNAL 
CYCLE SELECTION SECTION 

6. CYCLES/STEP to 1 
STIMULUS CONTROL SECTION 

7. ADDITIONAL ATTENUATION to 0 

8. Selector switch to SINE WAVE 

9. ATTN switch to AUTO 

10. INTERNAL NOISE to ON 

11. DB/STEPto03 
RADIOMETER MONITOR SECTION 

12. DVM to INT 

13. DVM TC to 0 

PLACE SYNTHESIZERCONTROL SWITCHES IN THE POSITIONS INDICATED 
BELOW: 

14. Set 10 MHz, 1 MHz, 100 kHz, 10 kHz/1 kHz, a 

15. 100 Hz decades to R 

16. Set 10 Hz and 1 Hz decade to 0 
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Step 


3.4.4 

Step 


17. Depress CAD OFF 

18. Set output volts to 2V 

19. Turn RADIOMETER power ON 

20. Verify TIMER ON lamp illuminated 

21. Record reading on elapsed time meter 

22. Depress RESET 

23. Record reading on DVM 

24. Depress STEP switch and verify GSE channel Indicator goes to next channel 

25. Record reading on DVM 

26. Continue steps 24 and 25 for all 16 channels 

27. Verify ATTENUATION, DB changes 3 db 

28. Repeat steps 24 through 27 until attenuator resets to original 
reading (129 db). 

29. Repeat steps 22 through 28 for radiometer B 

30. If no more tests at this time, turn off 'radiometer power and record 
elapsed time meter reading 

Internal Noise Calibration 

1. Set-up test equipment as shown in Figure 3-34 

PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW: 
CLOCK SECTION 

2. RATE to X 10 

3 . AUTO/MANUAL to MANUAL 
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FREQUENCY SECTION 

4. RADIOMETER to A 

5. CONTROL to INTERNAL 

CYCLE SELECTION SECTION 

6. CYCLESATEP to ] 

CALIBRATESECTION 

7. CAL to AUTO 
RADIOMETER MONITOR SECTION 

8. DVMto INT 

9. DVM TC to 0 

10. Verify RADIOMETER power ON 

1 1 . Initiate CAL CMMD 

12. Verify channel monitor On channel 1 

13. Record DVM reading 

14. Depress STEP switch and verify channel monitor steps to next channel 

15. - Repeat steps 13 and 14 for all channels 

16. Verify calibrate noise lamp N4 extinguishes and N3 illuminates 

17. Repeat steps 13 through 16 for all noise levels , 

18. Verify noise level lamps all extinguished at end of Cycle 

19. Repeat steps ’ II through 18 for radiometer B 
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HELIOS GROUND 
SUPPORT EQUIPMENT 


50 ohm Terminator 


inator 


PREAMP A 


50 ohm Terminator 


PREAMP B 


Radiometer 


Figure 3-33, Test Equipment Set-Up, Operating Frequency Determination 











Figure 3-34. Test Equipment Set-Up, Signal Response - Wide 
Band Noise and Internal Noise Calibration 










HELIOS RADIOMETER EXPERIMENT 



Figure 3-35, Test Equipment Set-Up, Signal Response - 

Narrow Band Noise and Signal Response - Sine Wave 
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SECTION 4 
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Failure Mode and Effect* Analysis 


WTA Job No. 343S-002 
Contract NAS3-U39J 


Title Preamp Radiometer PC 716 

Schematic No. 3436-J-2163 _ 

Drawing No. t 

Parts List No. 343G*F"2002 _ Page I of 5 


Reference 

Desi:! nation Part No. Description 


Cl 

C2 

C6 

C32 


CKR05BX150KS Capacitor 
CYR41E5ROFPS Capacitor 

•I *• 

It M 


C3 

CU 

C16 

C18 

C23 


CKR06BX105KS 

II 


Capacitor 

M 


II 

ti 


C14 

CIS 

C20 

C22 

C27 

C29 

C19 

C2l 

C26 

C28 


CKR06BX103KS 


CSR13G225KS 


Capacitor 


Capacitor 


C 4 
C8 


CKR06BX473KS 


Capacitor 

II 


C30 

C31 


CKR05BX56CKB 


Capacitor* 

II 


£■ Estimate 


Specification 

MU-C-39014/1 

MU-C-23269/B 

II 

II 

MU-C-39014/2 

II 

II 

II 

II 

MU-C-39014/2 

II 


•I 

MU-C-39003/1 

II 


Mil-C-39014/2 

II 

MU-C-39014/1 
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Rel. Level 

Failure Derated to 



Remarks/No: 


cm 
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czz cz 
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Failure Mode and Effects Analysis 


WTA Job No. 343C-0C2 
Contract NA^*U3Si 


Title 

Schematic No. 
Drawing No. L 
Parts List No. 

Reference 

Designation 

C5 

C7 

C9 

CIO 

C12 

C13 

C37 

C24 

C25 

C17 

C33 * 

C34 

C35 

C36 

C3S 

C30 

R1 

R8 

R19 

R45 

R2 


Preamp Radiometer PC 716 
3436-J-2163 


£■ Estimate 


3436- F-2002 Page 2 of 5 


Rcl. Level 

Failure Derated to 


Part No. 

CKR05BX104KS 

CKR05BX104KS 


CKR05BX102KS| 

w'^R0SaX104KS 


P17(01)1S156R-| 

K-10 


RCR07G201JS 


RCRC7G47SJS 


Description 

Capacitor 


Capacitor 

Capacitor 


Capacitor 

• N 

Resistor 


Resistor 



Remarks /Notes 
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WTA Job No. 343C-0C3 
Contract KAS3-U3S6 


Failure Mode and Effects Analysis 


Title Preamp Radiometer PC 716 

Schematic No. 3436«J«2163 
Drawing NoAi 

Parts List No. 3436»F-2002 Page 3 of 5 


£■ Estimate 


Reference 

Oesiiinatioa 


Part No. Description 

RCR07G103JS iResiater 


Re!. Level 

Failure Derated to 
Rate % of Rated 
%/1000 Voltage. Ambient 
Specification Hours Carr. Pwr. Temple . 

Nia-R-39008/i 1 .001 1 1 % 70 


Effect of Failure 
)pen Short Other 


Remarks /Notes 


RCR07G224JS | ResUtor 
RCR07G222JS { Resistor 
RCR07G JS I Resistor 


RCR07G JS I ResUtor 

II lx* 


RCR07G912JS ResUtor 


RCR07G112JS ResUtor 


Mil-R-39008/1 .001 1% 

*' .001 25% 

Mil-R-39008/1 .001 1% 

*• .001 1 % 

MU-R-39008/1 .001 10% 
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F 

F 

F 

F 

PF 
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PF 
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F 
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WTA Job No. 3436-002 ^ 
.Contract KASa-Uw9» 


EsEstimate 


Specification 

Mil-R -39008/ 1; 
u ‘ 

I Ma»39008/1 


Mil-R-39008/l 


MU-R -39008/1 


MU-R-55182/1 


Ma-R-55182/1* 


S-311-P-2(06) 

MU-S-19500/270C 


Mil-S-19500/375/ 


R el. Level 

Failure^ Derated to 
Rate % of Rated 
%/1000 Voltage, 
Honrs Corr.Pvj^. 

I . 001 I 1% ! 

\ .001 1 % 


Ambient 

Temp.^C. 


Effect of Failure 
Open Short Other 


Remarks /Notes, 


F* 

F 
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F 
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F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F - 

F 

F 

F 

F 

F 

F 

:f 

1 

F 

F I 

F 

PF 

F 

F 

F 

, F 

F 

F' 

F 

F 

F 

F 

F 
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Failure Mode and Effects Analysis 


WTA Job No. 3-i36-0C2 
. Contract NASS *1139 3 


Title Preamp Radiometer PC 716 

Schematic No, 3436* J*2 163 

Drawing No, ' ' _ . ' 

Parts List No, 343 6*F*2 002 __P age 5 of 5 


E^Estimate 


Reference 

Designation 


Part No. 


TX2N2920 


Description 


TX2N3251A Transistor 


I Transistor 


R el. Level 

Failure Derated to 

Rate % of Rated _ _ . _ 

%/1000 Voltage; Ambient Effect of Failure 
Specification Hours Curr, P^. Open Short Q^her 

Mil-S-19500/323i .01 1 25% 70 F IF 


Remarks yNotes 


MU*S*19500/3554 .01 


TX2N4857 


[Transistor 


MU-S-19500/385 


TX2N2369A | Transistor 


Ma-S-19500/3171 





oescuiPTtoH OF neytstON 


A COMPLETELY REVISED 

B Revised per DON 3436*‘D*2V76 AV 

Q Revised per DCN 34 36‘*D^2176 A2 _ 

D Revised per DCN PL3436-D*2176-D1_ 


8/28/ 
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979 RCLLIN5 ^VENUE. RdGKVIULH, MARYLAND 20052 
Subsidiary of Qumta Systems Corporafiom 

Title OSCILLATOR CARD q| ' ^ , . 

HELIOS RADIOMETER I L 3436-D-2176-1 ■ ^ .. 

EXPERIMENT 5C PC 730 - 

Symbols 

T -TOTAL QUANTITY OR BEQIHRIW ITEM !^EcfFf«TToN CwItROU 

B -BULK MATERIAL 

Sh 

Dsvg 

Find 

No. 

Qty 

Keqli 

Sym 

Coda 

ident 

Part or 
Identifying 1 

46. 1 

Description 


1 

] 



3436-D-2188-1 










Hvbrid Oscitlatbr A2 — ■ - 

3 

1 

1 



^^Sii 

Hybrid Osicllator A3 


4 





Hvbrid OsicIIafor A4 — i" ' 


5 

1 






6 




RHA5 

Crystol, Y2 50 KHZ 

WTA20611A 

7 

— 

", 


RHA5 

Crystal, Y3 65 KHz 

WTA20611A 

/ 

g 




RHA5 

Crystal, Y4 85 KHz 


9 





Resistor, R18 

39008/1 ,J 

1 

in 





Transistor, Q8 — 


11 






























— — — 

■ 




















- ' 

- ■■“" 
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POOK QUALITY- 






i 



technological ASSOCl.ATES. INC. 

avenue. ROCKVILLE, MARYLANO 20852 
ioty o/ Qumtm Systems Cofpotatiom 

OSCILLATOR CARD 
HELIOS RADIOMETER 
cvdcoikafkiT sr PC 7^0 

Pl^ 3436-D-2176-2 

REV 

WASHINGTON 
979 ROLLINS 
5ii&sic 

Symbols • 

T -TOTAL QUANTITY OR RECURRING ITEM ^ !^Sfc° T^ON CWTROL 

Sh 

Dwg 

Find 

No. 

Qty 

Recitt 

Sym 

Code 

Ident 

Part or 
Identifying 1 

Jo. 

Description 

Spec or Note 

1 

] 

"" 


3436-D-2188-5 


WTA 76B 

2 

1 


■HI 

BsamHi 

Hybrid Oscillafor A6 

WTA 76B 


1 

— — 


3436-0-2188-7 

Hybrid Oscillotor A7 : 

WTA 768 


1 


HHI 


Hybrid Oscillator A8 — 

WTA 76B 

4 

I 

1 





Crystal, Y5 115 KHi 


5 




RHA5 



6 

7 

1 

1 



RHA5 

Crystal, Y7 195 KHz 

WTA 2061 I 





RHA5 

Crystol , Y8 255 KHz ■ " ' ■ 


8 

9 

1 

\ 



TX2N325IA 

Tronsistor> Q4 

■imEEH 

TO 

3 




Resistor, R1 9. R6, R20 

ESs^QHB 

KS3U&HHH 

VI 

1 


— . 


Transistor, Q9 . . ' . ■ ' — 


19 

1 




Copgeitor,, Cl 6 ■ ■■■ 


1 

1 


















' 











“ " — 






■ ' ' 

■ 






— 



































Title OSCILLATOR CARD 

HEUOS RADIOMETER 
. FXPERIMENT 5C pc 73^ 

€ a<;»1\GTOS TECHNOLOGICAL associates. INC. Svn4)ols 

Q7Q R0LUN5>VENUE. ROCKVILLE. MARYLAND 20BS2 t -TOTAL QUANTITY OR RECURRING ITEM 

Subsidiary of Qumtm Systems Cofpotatiom b »BULK MATERIA L 


3436-0-2176-3 


SC -SOURCE CONTROL DWG 
SPC - 5PECI nCATtON CONTROL 


Fmd Qty 
No. Beqld 


Part or 

Identifying No. 


10 

3 

J1 

; ml 

12 

1 


Description 


Spec or Note 


Hybrid Oscillator A9 _ 
Hybrid Osci 11 gfor A1Q_ 
Hybrid Oscillofor Al L_ 
Hybrid Osciliotor Al2_ 

Crvstol. Y9 340KHZ 

r YlP 


Crystal, YU 585 KHz 


Crystal , Y12 765 KHz 


Tronsistor, Ql 


Resistor, Ri / R2j, R5 


Transistor 03 


Capacitor, Cl 


V/TA 2061 1 


MIL-R-39008 























HELIOS RADIOMETER 
I EXPERIMiENT 5C pc 730 

WASHINGTON TECHNOLOGICAL ASSOCIATES. INC. Symbols 

979 ROLLINS AVENUE. ROCKVILLE. MARVLANO 908S2 j. TOTAL QUANTITY OR RECORHINC ITEM 

SuhTiiiimy of Qumf System* CofpwMion B - BULK MATERIAL 


3436-D-2176-4 


sc -SOURCE CONTROL OWG 
SPC -SPECIFICATION CONTROL 


Find I Qty 
No. I ReqVi 


Fart or 

Identifying No. 


Description 


Hybrid Oscillotor A13 
Hybrid Osclilotor A1 4 
Hybrid OsciHotor Al5 


Hybrid OsciHotor Al6 


rrv^toL Y13 KOIOMHz. 


Crystal, Y14 1.320 MHz 


Crystal . Y15 2.280 MH_^ 


Crystal, Y1 6 3 « 000 M Hz 


Transistor, Q2 __ 


Resistor, R3, R4 
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Failure Mode and Effects Analysis 


TiUc 

Schematic No. 
Drawing No. & 
Parts List No. 


Oscillator Gard j 
3436-J-2I63 V 

3436-P-2176"! 


PC 730 


£s£stimate 


R el. Level 
Failure 
Rate 


Reference 

Ocsianation 

A 1 
A2 
A3 
A4 

Part No. 

3436-D--2188-1 
3436-D-2 188-2 
3436-D-2188-3 
3436-D-2188-4 

Description 

Hybrid Osd llator 
Hybrid Oscillator 
Hybrid Oscillator 

ti ir 

Specification 

WTA 76B 
VVTA 76 B 
WTA 76 B 
WTA 76 B 

7./1000 

Hours 

:i6 

:u 

;i6 

/16 

Y 1 
Y2 
Y3 
Y4 

RHA 5 
RHA 5 
RHA 5 ’ 
RHA 5 

Crystal . 

Crystal 

ft 

M . ‘ . 

WTA 2061 lA 
WTA 20611A 

If 

It 

^6 

.16 

:i6 

:i6 

R18 
Q8 . 

RCR07G203JS 

TX2N2369A 

Resistor 

Transistor 

ME-R-39008/1- 
MU-S- 19500/3 17 

.001 
> -Ql 

CIS 

CKR06BX105K 

Capacitor 

Ma-C-39014/2 

.001 

■ ■■ _ 1 



. 



"Derated to 
of Rated 
Voltage” 
Carr. Pwr. 


Ambient ‘ Effect of Failure 


70 

-F ■; , 

F 


70 

F 

F 


70 

F 

F 


70 

F 

F 

• 

70 

F 

F ^ 


70 

F 

F 


70 

F 

F 


70 

F 

F 


70 

F 

F . 


70 

F 

F 


70 

1 

F 

F 

1 

. ^ • 



• 






Remarks^otes 
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Failure Mode and Effects Analysis 


Title * Oscillator Card 2 PC 730 

Kchematic No, 3436-J-2163 
Drawing No»& 

Parts List No. 3436-D-2176 -2 

RcXerence 
Designation 


£»£stiznate 


A5 

A6 

A7 

A8 

Y5 

ye 

Y7 

Y8 

Q4 

R19 

R6 

R20 

Q9 

C16 


ReU Level 

Failure Derated to 
Rate % of Rated 


%/1000 Voltage. 


Ambient 


Effect of Failure 


3436-D-2 188-5 

Hybrid Oscillator 

WTA 76 B ; ■ 

.16 


70 

F 

F 


2436-D-2188-6 

.11 u 

M 

.16 

. 

70 

F 

F 


3136-D-2 188-7 

II II 

II 

,16 


70 

F 

F 


3436-D-2188-8 

li ^ II 

M 

.16 


70 

F 

F 


RHA 5 

II . 

Crystal 

II 1 

WTA 206U.A - 

11 . M 

.2 

.2 


70 

70 

F 

F 

F 

F 


If 

II 

II II 

.2 


70 

F 

F 


II, 

II 

II II 

.2 

V 

70 

F 

F 


TX2N3251A 

Transistor ‘ 

MU-S-19500/3231 

i.Ol 


70 

F 

F 


RCR07G203JS' 

Resistor' 

Ma-R-39008/i 

.001 * 


70 

F 

F 

. 

II 


11 

.001 


70 • 

F 

F 

- 

II 

II 

M 

.001 • 


70 

F 

F 


TX2N3369A 

Transistor 

Ma-S-19500/317I 

! 

).01 

* 

70 

F 

F 


CKR06BX105KS 

Capacitor 

Mil-C-39014/2 

.001 

; 

. 

70 

F 

F 


■ ' .. • ' ' 

• » V 

‘ 

•* 



- 




Remarks /Notes 
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Failure Mode and Effects Analysis 


Title Oscillator Card 3 PC 730 

c;fKf%Tnati> Kq^ 3436^J*2163 

UrawingNo. ^ ^ 

pnrr. l.ist No, 3436-0-2176^ 


£«£stimatc 


Reference 

Designation 

A9 

i AlO 

: All 

A12 

Y9 

YIO 

YU 

Y12 

Ql 

Rl 

R2 

P5 

Q3 

Cl 


Part No. 


3436-D-2 188-9 
3436-D-2188-10 
3436-D-2188-11 
3436-0-2188-12 

HHA 5 


TX2N3251A 

RCR07G203JS 

TX2N2369A 

CKR06BX105KS 


Description 
Hybrid Oscillator 

II >• • 

It * j» • 

ir M 


Crystal 

II 

II 

II 

Transistor 

Resistor' 

It 

II 

Transistor 

Capacitor 


Specification 


R cl. Level 

Failure Derated to 

5^/1000 VoUag^^~ Ambient Effect of Failure 
%/lOOQ vouage. 

If ours 


Remarks /yptes 


WTA76B . ' 

II 


WTA 20611. A 

II II 

II II 

11 It 


MU-S-19500/3234 
Mfl-R-39008/l 

II 


Mil-S-19500/3Uif 
Mil-C-39014/2 


• 16 
.16 
.16 
.16 

.2 

.i 

.2 

.J 

.01 

.001 

.C01 

,001 

•01 

•poi 


70 

F 

F 



70 

F 

F 



70 

F 

F 



70 

F 

F 



70 

F 

F 



70 

F 

F 



70 

F 

F 



70 

F 

F 



70 

F 

F ^ 


,* 

70 

F 

F 



70 

F 

F 



70 

F 

F . 



70 

F 

F 

! 

- 

70 

F 

F 


• 

# 
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F&ilux‘e Mode and Effects Analysis 


\V * A Job JCo, 343C-0C- 
.Contract NAS5-U 



£«Estimate 



Clllvt 











































































































WTA Job No. 3436-002 
Contract NAS5 -113 96 


TiUe 

Schematic No. 
Drawing No.& 
Parts List No. 

Reference 

Designation 

C-1 

C-2 

G-4 

C-5 

C-6 

C-7 

C-11 

C-12 

C-3 

C-8 

C-9 

C-13 

C-10 

R-1 

R-2 

R-3 

R-4 

R-5 

R-6 

R-7 

R-8 

R-9 

R-10 


AGG Amplifier 
3436-J-2163 


PC 724 


3436-D-2169 Page 1 of 2 


Failure Mode and Effects Analysis 


Rel. Level 

Failure Derated To 
Rate % of Rated 
%/1000 Voltage, 


E*Estin»ate 


Ambient 


Effect of Failure 


GKR06BX103KS 

Capacitor 

Ma-C-39014y2 

.001 

02% 

70° 

PF 

F 


n 

II 

II 

.001 

25% 

70° 

PF 

F 


II 

It 

II 

.001 

02% 

700 

PF 

PF 


It 

II 

II 

.001 

20% 

70° 

PF 

F 


M 

It 

tl i 

.001 

20% * 

700 

PF 

F 


** 

It 

II 

.001 

02% 

70® 

PF 

PF 


If 

It 

II 

.001 

10% 

7oo 

PF 

PF 


** 

II 

li 

.001 

20% 

70° 

PF 

PF 


GKR06BX105KS 

Capacitor 

Mil-C-39014/2 

,001 

10% 

70° 

F 

F 


CKR05BX101KS 

II 

Ma-C-39014/1 

.001 

20% 

70° 

F 

F 


11 

II 

II 

.001 

10% 

7QO 

F 

F 


GKR05BX121KS 

Capacitor 

Ma-C-39014/1 

. 001 

20% 

70° 

F 

F 


GKR05BX102KS 

i* 

It 

.001 

■10% 

70® 

PF 

F 

. 

RLR07C301JS 

Resistor 

MU-C-39017/1 

.001 

10% 

70° 

F 

F 


RLH07C103JS 

II 

11 

.001 

10% 

70° 

F 

F 


II 

II 

1! 

,001 

10% 

70° 

F 

F 


RCR07G104JS 

Resistor 

Ma-R-39008/l 

,001 

01% 

70° 

F 

F 


RLR07C512JS 

II 

Ma-R-39017/1 

.001 

01% 

70° 

F • 



RGR07G JS 

n 

Ma-R -39008/1 

,001 

10% 

70° 

F 

F 


RGR07G394JS 

ti 

It 

.001 

10% 

70° 

F 

1 


RGR07G104JS 

'» 

Wa-R-39008/1 

.001 

01% 

70° 

F 

F 


RCR07G475JS 

II 

* II 

.001 

01% 

70® 

F 

F 


RCR07G623JS j 

It 

II 

,001 

01% 

70® 

F 

.'F 



Reinarlts/Notes 


Value to be Determined 
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Failure Mode and Effects Analysis 


AGC Amplifier PC 724 
3436-J-2163 


Title 

Schematic No. 

Drawing No. & 

Parts List No. 3436-D-2169 Page 2 of 2 


Reference 

Designation 

CR 1 

CR 2 

CR3 

CR 4 

Q1 

Q2 

Q3 

A-1 

A-2 



Part No. 
TX1N645 
JANTX1N5711 

II 

TX2N4857 

TX2N2369 

TX2N3251 

MC1552GH2 

RM 741 


Description 

Diode 

II 

Diode 

II 

Transistor 


Integrated Circuit 


Specification 
MU-S-19500/270 

II 

Mil-S-19500/444 

II 

Mil-S-19500/385 
MU-S-19500/317' 
MU -S- 195 00/323 

WTA20610G 

WTA 23755 ' 


ReX. Level 
Failure 
Rate 
%/1000 
Hours 


.01 

.01 

.01 

.01 

..01 

,.01 

.01 

.08 

..08 


Derated To 
% of Rated 
Voltage, Ambient 


Effect of Failure 


10 % 

10 % 

10 % 

10 % 

10 % 

50% 

50% 



£«Estiniate 


Remarks yNotes 



LTR 


DESCRIPTION or NCVISION 


DATE 


approved 



























































WTA Job No. 3436-002 
Contract NAS5-U396 

Failure Mode and Effects Analysis 


Title 

Schematic No. 

Logic Card 2 
3436-J-2163 

PC 728 





£«£stimate 

Drawing No. 
Parts List No. 

3436-D-2174 

Page 1 of 1 

Rel/Level 

Failure 

Derated to 




Reference 

Designation 

Part No. 

Description 

Rate 

%/1000 

specification. Hours 

of Rated 
Voltage. 
Curr. Pwr. 

Ambient 

Temp.oc. 

Effect of Failure 
Open ^ort Other 

Remarks /Notes 


R61 

RCR07G103JS 

Resistor 

Mil-'R •39008/1 

.001 

3% 

70 

F 

F 


R62 

ti 

II 

II 

. oqi 

3% 

70 

F 

F 


C40 

CKR06 JS 

Capacitor 

MU-C-39014/2 

.001 

23% 

70 

'F 

F 


C41 

II 

It 

M ' 

.001 

25% 

70 

F 

F 


All 

SN54L10F1 

integrated Circuit 

MSFC Spec, - 

,02 


70 

F 

F 





85M03T6 







A13 

II 

M 

II 

.02 


70 

F 

F 


A14 

•» 

M 

II 

.02 


70 

F 

F 


AlO 

SN54L73F1 

integrated Circuit 

MSFC Spec. 

.02 


70 

F 

F 





85M0376 







A12 

SN54L00F1 

Integrated Circuit 

tl II 

.02 


70 

F 

F 


A16 

It 

»i II 

It It 

.02 


70 

F 

F 


R85 

RCR07G393JS 

Resistor 

Ma-R-39008/1 

.001 

2% 

70 

F 

F 


C51 

CKR05BX221KS 

Capacitor 

Ma-C-39014/1 

.001 

25% 

70 

F 

1 

F 
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ASllINGTON TECIIN01.0CIGAL ASSOCIATES, INC. 

979 ROULlKS AVENUE, ROCKVILLE. MARYLAND 209S2 
Subsiifiary of Quiuita Systems Corporatiom 


Titio 

LOGIC CARD 1, HELIOS RADIOMETER 

EXPER IMENT 5C PC727 

Symbols 

T -TOTAL QUANTITY OR RECURRING ITEM 
B -BULK MATERIAL 



3436-D-2173 



sc - SOURCE CONTROL DWG 
SPC- SPECIFICATION CONTROL 


Sh 2 

Dvvg 


rind 

No, 

Qty 

Req'd 

Sym I 

Codo - 

tdent 

parlor 

. Identifyino No, 

Description 

Spec or Note 

1 

2 

Hi 

ISIl 

RCR07G203JS 

Resistor 20K, I/tw, 5%. R59. R70 

MIL-R-39003/1 

2 

1 

mm 

BBi 


Resistor lOK, I/4w, 5%, R7I 

MIL-R-3=003/l 

3 

6 


HHH 

RCR07GI04JS 

Resistor lOOK, i/4w, 5%, R47, R48, R73, R74, R75, R76 

MIL-R-3700’/! 

4 

V 


**. 

RCR07G100JS 

Resistor 10 ohms, 1/4w, 5%, R58 

MIL-R-32C0P/1 

5 

2 



ckro:bxio5KS 

Capacitor, 1 uf, 50V, 10%, C37, C45 

MIL-C-37014/2 

6 

1 


• 

TX1NJ45 . 

Diode, CR14 

MIL-S-boGO/ 

7 

1 



tXlN750 

Diode, Zen?r. CR23 

MIL-S-U'SOO/ 

I?7 

8 

3 



TX2N2357A 

Tronsistor, NPN, 014, 015, 016 • * 

MIL-S-i9536/ 

317 

9 

3 . 

1 


TX2N325U . . 

Transistor, PNP. on. 012. 013 

MIL-5-H500/ 
323 ; 

10 

1 

1 

' 'f— 

V 1 

SN54L01Fl! i i 

Intcarotrd Circuit, A9 

MSFC SPEC 
!5M03766^- 

11 

m 

1 

• • \ 

BSSSiBHi 

Resistor, 15K, ]/4w, 5%, R86 

^ML-R-3?cd’’/l 



1 

- • j 


. .. 

» 



i 

1 ; 




1 



■ 

/ . ; 

‘ ; -1 

; ’ ■ : 


. ! 



Hi 

■ 1 • 

• i . 


i 






■ 

t ^ 






' 













1 



• 

’ - 

— 




' 


‘ 

r I 

1 1 ‘ ' t 
































Failure Mode and Effects Analysis 


WTA Job No. 343G-002 
.Contract NAS5-11396 


Title Logic Card 1 PC 727 

Schema tic No. 163 

Draw ing No. 

Parts List No. 2436-D-2173 _ Page 1 of 2 


E»£stimate 


Reference 

Designation 

R69 

R70 

R71 

R51 

R44 

R45 

R47 

R48 

R30 

R73 

R74 

R75 

R76 

R58 

C37 

C43 

CR13 

CR14 

CR23 

CR18 


Part No. 
RCR07G203JS 

II 

RCR07G102JS 

I* . 

RCR07G104JS 


Description 

Resistor 

u 

Resistor 

II 

Resistor 


RCR07G100JS. 

CKR06BX105K: 

It 


TX1N645 


TX1N756A 


Resistor 

Capacitor 

II 

Diode 

It 

II 

Diode 


Specification 

MU-R-39008/l 


R el. Level 

Failure Derated to 
Rate % of Rated 
%/1000 Voltage, 
Hours 


Mil-R-39008/1 


Mil-R-39008/1 


Ma-R-39008/1 

Mil-C-39014/2 


MSI-S-19500/2409 .01 

.01 

Mil-S-19500/I27l 


.001 

,001 

.001 

,001 

.001 

.001 

.001 

.001 

.001 

.001 

,001 

.001 

,001 

. 001 

.001 

.001 


Ambient 


3% 

70 

1% 

70 

3% 

70 

3% ■ • 

70 

1% 

70 

1% * 

70 

1% . 

70 

1% 

70 

1% 

70 

1% 

70 

1^0 

70 

1% 

70 

1% 

70 

20% 

70 

25% 

70 

25% 

70 

10% 

70 

10% 

70 

20% 

70 

20% 

70 


Effect of Failure 


Remarks^©: 


F 

F 


F 

F 


F 

F 


F 

F - 


F 

F 


F 

F 


F 

F 


F 

F ^ 


F 

F 


F 

F 


F 

F 


F 

F 

“ 

F 

F 

1 

F 

■■F 


PF 

F 


PF 

F 


F 

F 


F 

F 


F 

F 


F 

1 

F 
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Failure Mode and Effects Analysis 


WTA Job No. 3436-002 
. Contract KAS3 -U3S 6 


Title Logic Card ; PC 727 

Schematic No. 3436-0-2163 

Drawing No. 

Parts List No. 3436^0-2173 Page 2 of 2 


E«£stimate 


R el. Level 


Reference 

Designation 

Q14 

Q15 

Q16 

Qil 

Q12 

Q13 

A9 

R53 

R86 


Part No. 
TX2N2369A 

II 

II 

TX2N3251A 

II 

II ' 

SN54L01F1 

RCR07G3d3JS 


Description 
Transistor 

II 

u 

Transistor ’ 

II 

It /’■: 

Integrated Circuit 
Resistor 

II 


Specification 

Mil-S-1950P/317 


Ma-S-19500/323 


MSFC Spec. 

85M03766 

MU-R-39008/1 



Remarks/Notes 



LT« 


description op revision 


DATE 


approved 






























TEChNOLOGiCAL -ASSOCIATES, INC. . 

AVENUE, ROCKVILLE. MARYLAND 208S2 
iary o/ 5yJ<e«s Cor?Of«R'o* 

. title LOGIC CARD 3, HELIOS RADIOMETER 
EXPERIMENT 5C PC 726 

Pl^ 3436-D-2175 C 

REV 


t'ASmSGTON 

973 ROLLJrlS 
Swbsid 

Syndjols 

T-TOTAL QUANTITY OR RECURRING ITEM ' l^^t^apfcATOM CW?R0L 

B-BULKMATERrAL - 

Sh 2 
Owg 

Find 

No. 

Qiy 

Req’d 

Sym 

Code 

Ident 

> Part or 
identifying r 

lIO. 

Description 

Spec or Note 

1 

■^1 



RCR07G513.IS 

Resistor, 51 K. 1/4W, 5%, R54 

MIL-R-39008/T 

1 

3 



RCR07G512JS' 

Resistor, 5. IK, 1/4W, 5%, R56, R59, R60 

M1L-R-390C3/1 





RCR07G--S 

Resistor. TBD, 1/4W, 5%, .,.RjS 

Mll-R-39003/1 

3.-, 

A 

2 



RCR07G100JS 


MU-R-3900B/1 


o 



R1 R07CS ^ -S 

'Resistor. TBD; 1/4V/. 5°4, R65, R66..R^ 

Mtl -R.39017/1 

3 

o 



CKR05BX470KS 

rooocitor. 47 of. 200V, 10<v.. C33, 04 

MIL-C-3901A/I 

6 

7 

Z 

■ 


CSR13E107KS . 


MIL-C-39C03/I 





rvrpns- - - S 

Cooacitnr. TBD - ^36 . " 

Mil -r-39Q14./l 

8 




CKR06BX105KS 

rooooitor. 1 uf. lOOV. I0?L_C38_£39 ; 

Mll-C-39014/2 

9 

Z 

~F 


TYl MAAS 

nioHe. CR7. TR9. TRIO. CR1 1 . CRll^CRS 

MIL"5*1 9500/ 

Msfe* 


10 

6 

1 


01295 

SN54L00F1 

Intearoted Ckt,, A15 * > 

'^fTA^PF^ 


VI 

10 

1 

0 



RM741 


V' 1 M W 

_23755_. 


Iz 

z 




- * 

• 


— 





^ * 



■ 





. . » 








* • 


. 









- 

—* 

- "■• — 



» 



> 




- 




- 
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W Job XO. 3n3G-CC-2 
-Contract XA55-U2Gc 


Failure Mode and Effects Analysis 


Title 

Schematic No. 
Dra^ving No.^ 
Parts List No. 

Kefercace 

Designation 

R54 

R56 

R59 

R60 

R57 

R55 

R63 

R64 

R65 

R66 

R67 

C33 

C34 • 

C35 

C36 

C38 

C39 

CR7 
CR9 ’ 
CRIO 
CRU 


Logic Card 3 
3436-J-2163 

3436-D-2175 


Part No. 


£>£stiniale 


RCR07G513JS 

RCR07C5612JS 

** 

II 

RCR07G S 
RCR07G100JS 

II 

RLR07CS S 

fi 

CKR05BX470Kf 

II 

CSR13E107KS 
CKROS S 
CKR06BX105K 

TX1N645 


Page 1 of 2 

Description 

Resistor 

Resistor 

II ’ ^ 

Resistor 

it 

Resistor 

n 

Resistor 


Capacitor 

II . 


Capacitor 

Capacitor 


B Capacitor 


Diode 


R el. Level 

Failure Derated to 
Rate o^ Rated 


Specification 

Mil-R-39008Vl 

Ma-R-39008/l 

I! 

II 

MU-R-39008/1 

tt 

Ma-R-39008/1. 

II 

Mil-R-39017/l 

II 

It 

Mil-C-39014/1- 

II 

MU-C-39003/1 

MU-C-39014/1 

MU-C-39014/2 


%/lolo vouagl ^ Ambient Effect of Failure 


Mil-S-19500/240C.01 
.01 
.01 


,001 

. 001 
.001 
. 001 

.001 

.001 

.001 

.001 

.001 

.001 

,001 

,001 

.001 

.001 

.001 

.001 

.001 


10 % 

10% 

10 % 

10 % 

10 % 

10 % 

5% 

5% 

1 % . 
5% 

1 % 

2 % 

2% 

25% 

2% 

25% 

25% 

10 %' 

10 % 

10% 

10 % 


Remarks/No 


70 

F 

F 


70 

F 

F 


70 

F 

F 

■ 

70 

F 

F 


70 

F 

F 


70 

F 

F 

■ 

70 

F 

PF 


70 

F 

PF** 


70 

F 

F 


70 

F 

F 


70 

F 

F 


70 

F 1 

F 


70 

F 

F 


70 

PF 

F 


70 

F 

F 


70 

PF 

F 


70 

PF 

F 


70 

F 

F 


70 

F 

F 


70 

•F 

F 


70* 





TBD 

TBD 


TBD 

TBD 

TBD 


TBD 



W Job Xo. 343C-0C 

^ i * . .Contract XAS5*n 

Failure Mode and Effects Analysis 






PESCRIPTION OF REVIStOH 


DATE I " APPROVED 


Revised per DCN PL3436-D-2252-1 


B I Delete Rill from Item 7 - Add to Item 

Revised per DCN PL 3436 “P"» 22 g 2 -n _ 


Status of Revision of Each Sheet 


nBDBBBBlIBiailli! 


IBlBIBHBBHPlI 




VASHINCTON TECHWOLOCICAL ASSOCIATES, I.NC. I T'TLE 


R«ck*UI«. MarjrtaW 
,«.•> m^mtmrnm •mmrftmrmdi 


IF , H ELI OS RADI OMETER 
EXPERIMENT 5C (PC 784) 


3436-0-2171 


PREPARED BY 


PROJECT EKCR. 


ICONTRACTOR APPROVaU 




i-xi-n 


■ owe ND, 

I 3436-0-2252 


SHEET 1 OF 2 























+ 1 - 


Title 

Schematic No, 
Drau'ing No. & 
Parts List No. 

Reference 

Designation 

L 4 
A3 

C50 

C23 

C17 

C21 

C19 

CIS 

C20 

B28 

R95 

R2d 
R23 
’ R91 


Failure Mode and Effects Analysis 


WTA Job No. 343S-002 
.Contract KAS5-ll3Si> 


IF PC 784 
3436-J-2163 

3436-D-2252 


Part No. 


E« Estimate 


MS 90537-19 
MG1552GH2 

CKR05BX KS 

CKR05BX101KS 

n 

CKR05BX104KS| 

CKR06BX105K 

If 

RGR07G JS 


RCR07G100JS 

RCR07G751JS 


Description 


Specification 


CoR, RF' 
Integrated Gircuit 

WTA 20610 

Gapacitor 

>* 

Mil-C-39014/1 

II 

Gapacitor 

II . * 

Mil-C-39014/l 

If 

Gapacitor 

MU-C-39014/1 

Gapacitor 

II 

MU-C-39014/2 

II. 

Resistor 

II . 

Mil-R -3900 8/1 

It 

«* 

Resistor 

Thermistor 

II 

Mil-R-39008/l 


R el. Level 

"Failure Derated to 
Rate % of Rated^ , 
%/1000 Voltage, 

Hours Curr_,F 


Effect of Failure 


Remarks /Notes 


001 I 
.08 

,001 

.001 

.001 

.001 

.001 

.001 

.001 

. 001 

.001 

.001 
. 001 
.001 


207o 


10% 

10% 

3% 

3% 

10 % 

12% 

12 % 

10% 

10 % 

50 %‘’ 

2 ’% 

10 % 


70 

PF 

F 


70 

F 

F 


70 

PF 

F 


70 

PF 

F 


70 

F 

F 


70 

F 

NF 


70 

PF 

F ^ 


70 

PF 

F 


70 

PF 

F 


70 

F 

PF 


70 

F 

PF 

1 

70 

F 

PF 

* 

70 

PF 

F 


70 

PF 

PF 

.1 

\ 




■ ! 
i 


TBD 

TBD 


TBD 

TBD 


TBD 



■ i' 



■ ^ 




i 


I 


f 






































Failure Mode and Effects Analysis 


WTA Job No. 3436-002 
. Contract NAS5 -U3S 3 


Title Transformer Board PC 732 

Schematic No, 3436-J-2163 
Drawing No. & 

Parts List No. 3436-D-2185 ^ 


Reference 

Designation 


£«Estimate 


T 1 

B96 

R97 

R99 

R4S 

R98 



Rel. Level 

Failure Derated to 
Rate % of Rated ^ • 

%/1000 .Voltage. Ambient 


Effect of Failure 


Bart No. 
3H 79 • 

Description 

Transformer 

t>pecuicauon 
WTA 22344- 

Hours 

;o5 

t.urr. i"wx. 

70 

F 

PF 


RCR07G JS 

II 

Resistor 

‘I 

Ma-R-39008/l 

It 

.001 

.001 

2 0% . 
20% 

70 

70 

F 

F 

PF 

PF 


II 

It ’ ^ ^ 

II ‘ 

.001 

20% • 

70 

F 

PF 


II ^ 

II 

II 

.001 

20% 

70 

F 

PF 


RCR07G240 JS 

Resistor . . 

Mil-R>3900S/4 

.001 

20% 

70 

F 

PF 






1 




1 


, 'I 









■■ •- 





* 




Remarks/Notes 


TBD 

TBD 

TBD 

TBD 

TBD 
























































WTA Job No. 3436-0G2 
.Coairact NAS5*I13SS 


Failure Mode and Effects Analysis 


Title Mother Board PC 731 

Schematic No. 3436-J-2163 ♦ 
Drawing No. & 

Parts List No. 3436-0-2183 __ 


E«£stimate 


Reference 

Designation 

R77 

R79 

R78 

RSO 

R82 

R8l 

CR22 


Part No. 


Description 


Rel« Leve l 
Failure 
Rate 
%/1000 


RNR55C3482FPB Resistor 


RNR55C2492FPP Resistor 

M 


RNR55C93X2FPB Resistor 


TX1N753A 


Diode 


Specification 

Bfours 

Ma-R-55182/l 

.001 

11 

.001 

Mil-R-55182/1 

. 001 

11 ‘ 

.001 

II 

. 001 

Ma-R-55182/X 

.001 

Mil-S-19500/127 

•01 


Derated to t 
% of Rated 

Voltage, Ambient Effect of Failure 
Curr. Pwr. Temp. ^ C. Open Short Other 


RemarksyNotes 


1 % 

1 % 

1 % 

1 % 

1 % 

1 % 

1% 


70 

70 

70 

70 

70 

70 

70 


F 

F 

F 

F 

F 

F 

F 





OESCAIPTtON OF HEVI$IOM 


DATE 


affrovco 
















































Title OUTPUT CARD 

HELIOS RADIOMETER 


EXPERIMENT 5C PC729 


ttA^niNCVrOX TEOIXOI.OGICAI. associates. INC. Synrbcls 

973 POLLM.S avenue. SOCKVJLLt. VARYLArlD 2CB52 ^ TOTAJ 

SubsiMary of Quwila Systems CorjuireUon InjLK 


T -total CJANTJTY or RECURRlNO ITEM 
B-3JLK.VATERIAL 


[‘1^ 3436-D-2250 


SC - SOURCE CONTROL CViO 

spc -specification control 


RCR07G100JS 


RCR07G J5 


RCR07G102JS 


TX2N2505 I 


* Description 


Resistor, IOoHm, 1/4w, R35, RfB, .. . 


Resistor, (TBD), R34, R3 R3 •, R4Q, R4K R42/“RS3, RB4, R86^ 


Ri7j R90, R92 


Resistor, 1 K, 1 /4w, 5®^-, R37 


Resistor 


BD), 1/^w, 5 


R“sistor, 5V0K, 1/ 4w, 5 %, R39 ' . „ _ 

Ther*:istor, (TBD), RlQl * R1Q4* * 


Caooc^tor, «QtUF, @ 50V, 10%, C31 


Jfqnsblcr^ Q.1 Q.J — — 

Tronsistor, 01 1 * 


MlL-R-39002/1 


MIl-R-3900 


M]L-R~39007 


MIL-R-3W»^ 


MlL-R-39008/1 




MIL-C-390I4 


WTA SPEC 


SM54L01F1 

Inteorot''** Circuit A5 " * 

SM54LC0F1 

integrote^J Circuit A6 




000 


85MC3766 
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WTA Job No. 3436-002 
Contract NAS5 -11396 


Failure Mode and Effects Analysis 


Title Output Card PC 729 • * - 

Schematic No. 3436-J-2I63 

ra*.vin5Ko,& E»Estunate 

arts List No. 3436>D>225Q Page 1 of 2 Rel. Level Derated to ‘ • 

Failure % of Rated 


Reference Rate Voltage, Ambient Effect of Failure 

Designation Part No. Description Specification ? VlQ00H rs. Curr. Pwr . Temp.Q Q. Open Short Other Remarks /Notes, 


R-35 

RCR07G100JS 

Resistor 

MU-R-3900Q/1 

.001 

40% 

7 0° 

F 

PF 



R-88 

M 

It 

. 

u 

.001 

40% 

70° 

F 

PF 



R-89 

'* 

n 

II 

001 

02% 

o 

o 

F 

PF 



R-91 

II 

II 

** 

.001 

02% 

o 

o 

K 

PF 



H-34 

RCR07G JS 

Resistor 

MiI-R-39008/1 • 

001 

10% 

7 o'" 

F 

F 


TBD 

R-36 

II 

II 

II 

.001 

10% 

7 0° 

F 

F 


TBD 

B-38 

if 

II 

** 

.001 

10% 

io° 

F 

F 


TBD 

R-40 

II 

>1 

II 

.001 

10% 

7 0° 

F 

F 


TBD - 

R“41 

ti 

M ■ 

M 

.001 

10% 

7 0° 

PF 

PF 


TBD 

R-42 

li 

II 

It 

.001 

10% 

7 0° 

PF 

PF 


TBD 

R-83 

II 

11 

II 

.001 

10% 

1 qo 

PF 

PF 


TBD 

R-S4 

II 

it 

M 

. 001 

10% 

7 0° 

F 

PF 


TBD 

R-86 

RCR07G JS 

Resistor 

Ma-R-39008/1 

.001 

50% 

7qO 

F 

PF 


TBD 

R-87 

It 

M 

II 

,001 

10% 

7 0° 

F 

PF 

* 

TBD 

R-90 

u 

II 

It 

.001 

50% 

7 0“ 

F 

PF 


TBD 

R-92 

It 

II 

II 

.001 

10% 

7 0° 

F 

F 


TBD 

R-37 

RCR07G102JS 

Resistor 

MU-39008/1 

.001 

10% 

7 0° 

F 

PFj 



R-85 

RCR07G JS 

li 

H 

.001 

10% 

7 0® 

F 

F 


TBD 

R-32 

RCR07G JS 

li 

li 

.001 

10% 

0 

o 

■F- 

F 


TBD 

R-39 

RNR55C4993Fr 

n 

MU-h-55182/1 

, 1 

01% 

7 0° 

F 

■ F 



R-95 


Thermistor 


.021 

20% 

7 0° 

F 

F 


TBD 

R-96 


Thermistor 


,021 

20% 

7 QO 

F 

F 


TBD 

R-97 


Thermistor 


.021 

20% 

. JOO - 

F 

F 


TBD 

R-98 


Thermistor 


.021 

20% 

700 

F 

F 


TBD 

C-30 

CKR06BX105K5 

Capacitor 

MU-C-39014/2 

.001 

15% 

•7 0° 

PF 1 

F 



C-32 


II 

II 

.001 

- 15% 

7 0° 

PF 

F 



C-3X 

CKR06BX103KJ 

II ' 

tl 

. 001 

l0% 

,00 

PF 

F 






Failure Mode and Effects Analysis 


WTA Job No, 3436-002 
Contract KAS5-11396 


§1 

II 

& § 

3 ^ 


Title 

Schematic No, 
Drawing No. &. 
Parts List' No. 

Reference 

Designation. 


Output Card PC 729 
3436-J-2163 


Part No. 

TX2N3811 

TX2N2605 

RM741 


Page 2 of 2 


Description 

Transistor 

Transistor 

Integrated Circuit 
ti M 


SM54L00F1 Integrated Circuit 


R el. Level Derated to 

T^I^f^An^bient Effect of Failure 
Soecification % /1000 H rs .Curr. Pwr. Tcir.pPc. Open Short Other 

Mil-S-19500/336 I ,01 10% ’0° 

MU-S-19500/354 .01 40% 70° F F 

WTA 23755 . 08 !°° ^ p 

II . .08 70" F F - 

It ‘ 

MSFC85M0376 6/00 0.08 ’0® F F 

II 1 06 ^0 F F 


£s Estimate 


Remarks /Notes 



description of flEVlStOH 


Added Sheet 1, Item 7, 8 


Status of Rovision of Each Sheet 


llljjgBSBBBBBM 


TITLE Noise Source Switching 
y/e!ded Module 
Helios Radiometer 
'Experiment 5C 


PB&PABED BY 


PROJECT ENCR. 


|COHTRACtOR APPROVAL 


00615 

































WTA Job No. 3436-002 
, Contract 2CAS5-113SJ 


Failure Mode and Effects Analysis 


Title 

Schematic No. 
Drawing No. & 
Parts List No. 


Noise Source Switching 

3453-J-2163 - 

WM222 


Reference 

Designation 

Part No. 

Description 

QIO 

TX2N2907A 

Transistor 

Qll 

TX2N3251A 

Transistor .. 

Q12 

TX2N2222A 

Transistor 

CR6 

TX1N645 

Diode 

B27 

CBD 1045 

Resistor 

R28 

It 

It 

R29 

II 

II 

R31 

II 

II 

R30 

CBD 1035 

Resistor 


Specification Hours 
Mil-S-19500/291I 

Mil-S-19500/323i 

Mil-S-19500/255i: 

Mil-S-19500/240C 

Allen Bradley 

»» 

Allen Bradley 


R el. Level 

Failure Derated to 
Rate % of Rated 
%/1000 Voltage, Ambient 


Effect of Failure 


Currrpwr. Temp.o c. Open Short ^ Other 


>01 

.01 

.01 

.01 

.001 
.001 
. 001 
.001 

.001 


30 % 

20 % 

30% 

5% 

1% 

1 % 

1% 

3% 

1% 


70 

70 

70 

70 

70 

70 

70 

70 

70 


F 

F 

F 

F 

F 

F 

F 

F 


F 

F 

F 

F 

F 

F 

F 

F 


£s£stixnate 


Remarks /No 



































Failure Mode and Effects Analysis 


WTA Job No. 
-Contract 


343G-0G2 

NAS5-i:2S3 




Title Noise Source Switching 

Schematic No. 3436-J-2I63 
Drawing No. 

Parts List No. WM 223 


E«£stixnate 



Reference 

Designation 


Part No. 


Rcl . Level 

Failure Derated to 
Rate % of Rated 

%/l000 - Voltage. Ambient Effect of Failure 


Q13 

TX2N3251A 

Transistor 

MU-S-19500/323A 

.01 

3% 

70 

F 

F 


Q14 


H 

>> 

.01 

3% 

70 

F 

F 


QIS 

li 

ti‘ 

M 

JOT 

3% 

70 

F 

F 


R32 

CBD 1045 

Resistor 

Allen Bradley • 

.001 

1% 

70 

F 

F 


R33 




. 001 

. 1% 

70 

F 

F ' 


R34 




.001 

1% 

70 

F 

F 


R35 

M 



.001 

1% 

70 

F 

F 


B36 

tl 


M 

. 001 

1% 

70 

F 

F 


R40 

It 


>1 

.001 

1% * 

70 

F 

F 


R41 

tl 



.001 

1% 

70 

F 

F - 


R42 

CBD 1035 

Resistor * 

Allen Bradley 

. 001 

1% 

70 

F 

F 


CRT 

TX1N645 

Diode 

Mil-S-19500/240C 

.01 

5% 

70 

F 

F 

' * 

CRB 

II 



.01 

5% _ 

70 

F 

F 

1 

CRIO 

tj ‘ : 


II 

.01 

5% 

70 

F 

F 


CR14 

II 


11 

.01 

5% ' 

70 

’f 

F 


CR16 

II 



.01 

5% 

70 

F 

F 


CR17 



II 

.01 

57« 

70 

F 

F 


CR18 

:• / 



,01 

5% 

70 

F 

F 


/ 

* 

• / 


V 




' 


■ 


Remarks yNotes 



description of revision 


date I APPROVED 


Added Sheet 1 , Items TV, 12,. and 14 


Status of Bovision of Each Sheet 


InapBaHmaaBBiiai 


I IU U yiUiJB liiMiiiriii iH iiB W i 


3436-D-2172 


vAsiiocTON TECUNotociCAL ASSOCIATES. i>c. I TITLE Noisc $ourc€ Swifching Helios 
Rorkwinr. M.ryU.a j Radiometer 

I Assembly (PC 725) 

Experiment 5C 

Xs-z t-ni. I 


CODE IDENT DWC NO. 

' 00615 PL3434-D-2179 


CONTRACTOR APPROVAL 


















































WTA Job No, 3436-003 
Contract NASS -113 So 


Failure Mode and Effects Analysis 


Title 

Schen?.atic No. 
Dra;Ving No. & 
Farts List No. 

Reference 
Desiiination 


Noise Source Switching 
3436-J-2163 


£«£stixnate 


3436-D-2179 


H el , Level 

Failure Derated to 
Rate % of Rated 


Part No. 


%/l000 Voltage^ Ambient Effect of Failure 


WM223 

WM223 

Noise Source Switch: 

ng W-2 

I .01 


70 

F 

F 

\m 222 

WM 222 

II II II 

W-2 

.01 


70 

F 

F 

K X 

1 

422-12 

Relay 

Mil-R-5757/7X 

,06 


70 

F 

F 

! 

Q3 

TX2N2222A‘ 

Transistor 

Ma-S-19500/255] 

1.01 

2% 

70 

F 

F 

Q4 

II , 

II . 

II 

.01 

2% 

70 

F 

F 

Q2 

TX2N2369A 1 

Transistor 

MU-S-:9500/317r 

).01 

27» 

70 

F 

F 

CR2 

TX1N645 

Diode 

: Mil-S-19500/240( 

:.oi 

1% 

70 

F 

F 

CR3 


It 

i ll- , • 

.01 

1% 

70 

F 

F 

C5 

CSR13E107KS 

Capacitor 

i Mil-C-39003/1 

. 001 

60% 

70 

F 

F 

CIO 

If 

II 

u 

.001 

60% 

70 


F 

R5 

RGR07G104JS 

Resistor 

Mil-R-39008/1 ' 

.001 

1% ^ 

70 

F 

F 

R15 

II 

II 

II 

.001 

• 1% ' 

70 

F 

F 

R13 

II , : 

II 

II 

,001 

10% 

70 

F 

F 

R14 

i RGR07G243JS 

Resistor 

MU-R-39008/1 

, 001 

10% 

70 

F 

F 

R16 

II 

11 

II 

,001 

10% 

70 : 

F 

F 

R12 

1 RCR07G513JS 

Resistor 

Mil-R-39008/1 

.001 

10% 

70 

P' 
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WTA Job No. 3430-002 
■Contract NAS5-1I399 


Failure Mode and Effects Analysis 


Title 

Schematic No. 
Dra;ving No.& 
Parts List No. 

Reference 
Designation 


Mixer PC 721 
3436-J-2163 ^ 

343t)-D>2167 


Part No. 


£«£stixnate 


R el. Level 

Failure Derated to 
Rate % of Rated 


% / 1 0 0 0 . Voltage* A mb ient 


Effect of Failure 


LI 

MS90537-14 

CoU. RF 

LT4K242 

.054 

20% 

70 

F 

PF 





Mil- G- 15305 







L2 

MS90537-18 

CoU* RF .* 

LT4K242 

.054 

20% ^ 

70 

F 

PF 





Mil-C-15305 







L3 

MS90537-19 

CoU. RF 

MU-G-15305 

.054 

207. 

70 

PF 

F 


C4 

CKR06BX122KJ^ 

Capacitor 

MU-C-39014/2 

.001 

3% 

70 

PF 

F 


C43 

GKR05BX471KS 

It * * 

MU-C-39014/1 

. 001 

3% . 

70 

PF 

F 


C24 

CKR05BX KS 

II 

MU-C-39014/1 

, 001 

107. 

70 

PF 

F ’ 


OO «9 

It 

ti 

It 

.001 

10% 

70 

PF 

F 


S Ml 

SM 307 

Mixer 

. 

.054 


70 


F 


to Q 










O S R15 

RCR07G510JS 

Resistor 

MU-R-3900B/1 

,001 

10% 

70 

PF 

F 

i 

Wg . 






















r ■■ 

1 ' i 







H O 










gtg 







. 





, 

^ ^ j 





• 
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vasiiincto^ TEciiNOLOCJCALASsocuTr,s.iNC I TITLE Command Interface-Module 
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CONTRACTOR APPROVAL 
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FAILURE AND MODE EFFECTS ANALYSIS 


Title: 

Schematic No. 
Drawing No. & 
Forts List No. 


Quantity 


Command Interface Module 
3436-J-2163 


WM221 


Fort No. 


Description 


Specificotion 


Rel, level 
Failure Derated to 
Rote % of Roted 
%/1000 Voltoge 
Hours Curr, Pwr. 


Ambient Effect of Failure 

Tcmp.^ , Ope n Short Other 


TX2N2369A 


Transistor 


MiI-S-19500/317D‘ 


.09 


10 % 


70 



14 

7 

7 

7 

14 


TX2N2607A 
CBD5135 
CBD5135 
CBD 1035 
CBD 1055 


Transistor 

Resistor 

Resistor 

Resistor 

Resistor 


Mil-S-19500/294A 
Allen Brodley 
Allen Bradley 
Allen Brodley 
Allen Brodley 


M 

,007 

.007 

.007 

,014 


10 % 

1 % 

3% 

3% 

1% 


70 

70 

70 

70 

70 

















DETECTOR, HELIOS RADIOMETER ;m 

EXPERIMENT 5C (PC 785) VL 


tASlilKGTON TE:CHS0L0CICAL ASSOCIATES, INC. Symbols 

972 RdL*_INS AVENUE. ROCKVILLE. f^ARVLAN'O 2CC52 ^ 

Subsidiary x»f Qusnta Systems Corporation o- BULK 


T -TOTAL QUANTITY OR REQJRRINO ITEM 
B -BULK MATERIAL 


II 

f <=S 
§ 


Find Gty _ 

„ « *4 Sym 

iCo. 









































WTA Job No, 3436-002 
-Contract N*4S3*il3S5 


Failure Mode and Effects Analysis 


Title Detector PC 785 

Scheniatic No. 3436-J-2 163 
Dra‘.ving No,&. 


£s£stixnate 


Rel. Level 


Parts List, No. 

Reference 

Designation 

3436-D-2253 

Part No, 

Description 

Specification 

Failure Derated to 
Rate % of Rated 

%/l000 Voltage, 
Hmirs Gurr. Pwr. 

Ambient 

Temp.oC. 

Effect of Failure 
Open Short Other 

Ren 

L6 

3436-C-2170-6 

Toroid ‘ 

WTA 

.05 

20% 

70 

F 

F 


■ ■ 

L5 

3436-C-2 170-5 

II 

WTA 

;.05 

20% . 

70 

F 

F . 



L7 

ti 

If 

II 

.05 

20% 

70 

F 

F 



C53 

CKR05BX KS 

Gapacitor 

Mil-C-39014/l 

. 001 

10% 

70 

PF 

F 


TBD 

C23 

If 

** 

. II 

.001 

10% 

70 

PF 

F 


TBD 

C26 


If 

II 

.001 

10% 

70 

PF 

F 


TBD 

C28 

CKR05BX820KS 

Capacitor 

Mil-C-39014/1 

.001 

12% 

70 

PF 

F 



C29 

! GKR06BX103KR 

t] 

Mil-C-39014/2 

.001 

10% 

70 

PF 

F 



C27 

ft 

If 

Mil-39014/2 

.001 

10% 

70 

F 

F 



C51 

j- II ■■ 

II 

II 

.001 

12% 

70 

F 

F 



C52 

CSR13B476KS 

Capacitor 

Mil-C-39003/1 

.001 

: 

1 10% 

1' . ■ 

70 

PF 

F 

i 


Q20 

TX2N918 

Transistor 

Mil-S-19500/301 

.01 

50% 

70 

F 

F 



Q21 V 

TX2N2369 

II 

•Mil-S-19500/317 

.01: 

50%' 

70 

F 




GR4 

TX1N5711 

i 

Diode 

Mil-S-19500/444 

.01 ' 

2% , 

70 

F 

F 



R30 

RCR07G101JS 

Resistor ‘ 

MU-R-39008/1 

.001 

70% 

70 

F 

F 



R33 

If 

II 

II ■ 

.001 

40% 

70 

F 

F 



R29 

RGR07G471JS 

It 

It 

.001 

10% 

70 

F‘ 

F 



R31 

RCR07G182JS 

II 

II 

. 001 

10% 

70 

F 

F 



R93 

RCR07G183JS 

It 

It 

.001 

20% 

70 

F 

F 



B92 

RCR07G JS 

If 

II 

. 001 


70 

F 

F 


TBD 

RlOO 

RCR07G331JS 

II 

It 

. 661 

' 10% 

1 

■ ' ■ 

70 

F 

PF 
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Failure Mode and Effects Analysis 

Tuie Miser -Filter Detector 

Schematic No. 3436-J-2163 » 

D^a^ving No> Rel. Level 

Parts List No, 3436-P-2171 Failure Derated to 


Reference 

Desir'cation 

Part No. 

Description 

Specification 

Rate % of Rated 

%/lOOO VoUage, 
Hoars Curr, Pwr, 

Ambient 

Temp.°C. 

Effect of Failure 
Open Short Other 

FLl 

F-14072A 

■ 

Filter' ■ 

WTA 206I4D 

- . 062 

' 

70 

F 

' 

F 




/ T • n ^ 

• ft 


' 

] 

i 


■ 

1 


WTA Job No. 3*13G-002 
■Contract KAS5-U3S6 


E*Estimate 


Remarks /Notes 



OESCRIPT^OM OF REVJSICM 


COMPLETELY REVISED y , 

Added Items 27 ond 28 . . 

j^evTsed per DCN PL3436-’D*2166-B2 

belete'R4 and R26 from Item 21 - Add R26 to Item 12 





1 


i’l'h 



Status of Revision of Each Sheet 
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TF.CnM)U>UU:AL ASSUl UTKS. I>C I TITLE 

A" ^7,V) NOISE SOURCE ASSEMBLY, PC722 




HELIOS RADIOMETER 
EXPERIMENT 5G 


343d- D-2 172 


KEXT ASSy 


prepared 0Y 


PRO,;£CT ENGR, 


PPROVEO 


COKT8ACTCR APPROVAL 


CODE ii^dur awo no. 
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Failure Mode and Effects Analysis 


W . A Job Xo. 343t3-C:- 
•Contract XAS5-II 


Title 

Schematic Ko. 
Drawing^ XoA 
Parts List No, 

ileference 

Designation 

R17 * 

R18 

R4 
. RS3 
R26 

R58 

R56 

R57 

A1 

Ti 

Q5 

Q9 

Q6 

Q7 

Q8 

CR 1 

CR4 

CR19 

CR5 
Cl 
C 2 


Noise Source PC 722 
3436 -J-S 163 ^ 

3436-D-2166 Page ! of 3 


E=Estimate 


Rcl. Level 
Failure 
Rate 
%/l000 


Derated to 
% of Rated 


A'oltage. 


’Ambient 


Effect of Failure 


R emarks /Notes 


RCR07G5,11JS 

Resistor 

Mil-R-39008/1 

.001 

0% 

70 

F 

F s 


It 

fi 

It 

.001 

5% 

70 

F 

F 


RCR07G* JS 

Resistor 

Mil-R-39008/l 

.001 


70 

F 

F 


It 

It * 

•1 

.001 

10% 

70 

♦F 

PF 


II ' 

It 

11 

.001 

. I07o 

70 

F 

F 


RCRC7G JS 

Resistor 

MU-R-39008/1 

. 001 

0% 

70 

F 

F 


ti “ 

II , • . 

11 

.001 

io7» 

70 

F 

F 



. 

Thermistor 


■ 

. i 

10f« 

70 

F 

F 


MC1552GH2 . 

Integrated Circuit 

WTA 20610G 

vOB 


70 

F 

p 


SH 79 

Transformer 

WTA 22344 

,P5 


70 


F 

• 

TX2N4S57 . 

Transistor 

Mil-S-19500/431 

.01 

io7o 

70 

F 

F 


M , ■ ■ * . 

It 

II 

.01 

. 10fs‘ 

70 

F 

F 


TX2N2369A 

Transistor 

Mil-19500/317D 

.01 ! 

io«7o 

70 

F 

F 


II 

M ' , ■■ 

It 

■01 ! 

MOTo ■ 

70 

F 

F 


TX2N3251A 

■f ■ ■ 

Transistor 

Ma-S-19500/323/ 

^01 

■ i 07 o 

70 

F 

F 


SD20TX 

Diode, Noise 

WTA 22346A 

. ,01 

507o 

70 


F 


TX1K645 

Diode 

Mn-S-19500/240C 

.01 

I07o 

70 _ 

F 

F 


It ■ ^ . 

It . 

It ^ 

!.oi 

lOfo 

70 

F 

F 


TX1N752A 

Diode 

MU-S-19500/127 

i: .pi 

lOfo 

70 

F 

F 


CKR06BX105K 

> Capacitor 

Ma-C-39014/2 

.001 

257o 

70 

PF 

F 


■ u V 


’M 

.001 

257s 

■ 

70‘ 

PF 

F 



TBD 

TBD 

TBD 

TBD 

TBD 

TBD 
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Failure JVIode and Effects Analysis 


tule 

Schematic Ko. 

No. & 

Parts List No. 


Noise Source PC 722 



3436-D-2166 P age 2 of 



Reference 

Designation 

C 3 
C 4 

i Ci2 
C13 
CI4 
C15 
C16 
CI7 
C23 

CIS. 

C19 

C20 

C21 

C22 

C6 

' C24 

' C25 

R1 
K3 
R4 
B19 
B60 

B2 

R48 

B49 

R50 


Part No. Description 



Specification 

Mil-C-39014/2 

M 

M 

It . 

»l 

M 

»l 

II 

II 

Ma-C-39014/1 

n 

II 

n 

MU-C-39003/1 

II 

Mil-R-39008/1 

it 

II 

II 

It 

Mil-R-39008/'l 

u 

11 « 
II 


Rel.I^evel 

Failure Derated to 
Rate % of Rated 

%/1000 Voltage, 
Honrs Corr.Pwr. 

Ambient 

Temp.^C 

.001 

10^0 

70 

.001 

lOfo 

70 

.001 

20% 

70 

- .001 

lOfa 

70 

. 001 

• 25% 

70 

.001 

5% 

70 

.001 

25% 

70 

.001 

10% 

70 

.001 

25% 

70 

.001 

. 1% 

70 

.001 

1% 

70 

.001 

1% ’ 

70 . 

.001 

1% 

70 

.001 

2% . 

70 

,001 

1% 

70 

.001 

25% 

70 

.001 

25% 

70 

.001, 

1% 

70 

.001 

1% ■ 

70 

.001 

1% 

70 

.001 

1% 

70 

.001 

3% 

70 

.001 

CO 

o 

70 

.001 

1% 

70 

.001 

1% 

70 ‘ 

. 001 

1%^ 

70* 


V* ^ A Job No, 
.Contract 




E»Estimate 


Effect of Failure 
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W Job 343 u*cC 

.Contract KASo^lI 


Faaure Mode and Effects Analysis 


Title 

Schematic No. 
Dr:vxing No. 8£ 
Parts List No. 

Reference 

Oosignation 

R51 

B52 

R59 

RIO 

Kil 
.. R24 

R21 

R54 

R25 

R20 


Noise Source PC 722 
!^4.?fi-J-2163 

3436-D“2166 Page 3 of 3 


E^Estimate 


Part No. 
HCR07G102JS 

If 

II ‘ 

RCR07G JS 
RCR07G103JS 

RCR07G512JS 
RCR07GX01JS 
RCR07G JS 
RCR07Q222JS 


Description 

Resistor 

•r 

’■ J 

Resistor 

Resistor 

II 

Resistor 

Resistor 

Resistor 

Resistor 


Specification Honrs 


R el. Level 

Failure Derated to 
Rate ?o of Rated 
fa/ 1000 Voltage, Ambient 


Effect of Failure 


Mil-R-39008/1 

II 

It 

MU-R-39008/1 
Mil -P -3 9 008 /I 

U 

Mil-R-39008/1 
Mil-R-39008/1 
Mil -R -3 9 008 /I 
Ma-R-39008/1 


. OOi 
.001 
.001 

.001 

.001 

.001 

.001 

.001 

.001 

. 001 


1 % 

1 % 

Cfo 

10 % 

2% 

5% 

2 % 

2% 

5% 

10% 


Temp- 

70 

WUCJii 

PF 

PF 

‘ 


70 

PF 

PF 



70 

F 

F 



70 

F 

PF 


TBD 

70 

F 

F 



70 

F 

F 



70 

F 

F 



70 

F 

1 F 



70 

F 

F 1 


TBD 

70 

F 

F 

t 


* 




• 
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APPENDICES 


Specification 
Reliability Analysis 
Test Plan 


Calibration 


APPENDIX A 


GSFC Procurement Specification for Helios Dual Swept Frequency 
Radiometer System 


Helios Project Experiment Data and Command Handling Requirements. 


GSFC Specification for Reliability and Qualify Assuranp^ Provisions for 
Helios Project Instrument. 



APPENDIX A 1 


GSFC Procurement SpeGifiGation for Helios Dual Swept Frequency 
Radiometer System 



I 

I 


1 , . • PART V - A 

- I . 

1 ■ ■ ■ ■ , , ' . 

i PC# 693-32818 

' S-693-P-2 

29 July 1970 " 

GSFC PROCUREMENT SPECIFICATION 
FOR 

I • HELIOS DUAL SWEPT FRECjUENCY RADIOMETER SYSTEM 

i': ,1 ' 




t 

( 


PREPARED BY 


RADIO ASTRONOMY BRANCH 
LABORATORY FOR EXTRATERRESTRIAL PHYSICS 
GODDARD SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 





PC# 693-32818 
S-693-P-2 
29 July 1970 


GSFC PROCUREMENT SPEC I FICATION 

F0R,^.\ 

HELIOS SWEPT FREQUENCY RADIOMETER SYSTEM 


PREPARED BY : Radio Astronomy Branch 

Laboratory for Extra terrestriai Physic^^ 


APPROVED BY: 



R. G. Stone, Head 
Radio Astronomy Branch 


g/l(r;7<3 

Date 


Gilbert Ouslcy ^ 
Helios , Project 
Manager 

- /f" 

. 1 . . ; 


/ 


GUorge F. Pieper • 
Director 

Space and Earth Science 


Date/ 


’KlC 


)a te 


' ' ' ' ■’ ■ ■ ' ' l\ 

\ Jl 

PG VJ‘693-32818 ‘ ll 


2 . 1 SPECIFICATIONS 
MIL-I-618D 

GSFC 5250 -P-1 

GSFC X623-63-147 
or equivalent 

Helios Experiments 
Design & Test 
Specifications 

MSFC -SPEC -279 

2.2 STANDARDS 

MSFC STD-154 
MSFC STD-156 

MSFC STD-270A 

MSFC STD -271 

2.3 PUBLICATIONS 
GSFCrPPL-11 
FED-STD-102 

FED-STD-123 

JiIIL-IlDBK:-217 


Interference control requirements 
aircraft equipment 

Specification for Contractor 
prepared monthly, periodic, and 
final pi'oject reports 

Specification drawings , engineering 
and associated lists 


Attachment A 


Electromagnetic compa t ibi 1 i t y 
June 1, 1964 


Printed circuit design and 

' 1 J.' ^ \ 


construct i i 


Riviting, fabrication 
standard for 


and inspection \ 


Component lead and interconnection 
materials for welded electronic 
modules, specification for- 


Fabrication of welded electronic 
modules, standard for 


Preferred parts list 

Preservation packaging, and packing 
levels 

Marking for domestic shipment 

Reliability stress and failure rate 

path for electronic equipment 
8 August 




1 


1P0;#693-32818 


GSFC. Specif icntion for Contractor 
Malfunction Reporting, . March 24, 197 

Specification for reliability and 
quality assurance provisions for 
Helios Pi'oject Instruments- 
Augustr,?, ’ ‘19(70 

Helios Project Experiment Data and Command Handling 

Requirements Attachment B 

3.0 SCOPE 

This Specification describes in detail, the implementation 
of an experiment to study the radio spectrum between 50 IcHz 
and 3MHz . The experiment is a dual sweeping receiver designed 
specifically for radio studies of the sun and the local region 
of our galaxy. 

4.0 APPLICABLE DOCUMENTS 

j Tjhe specifications, standards, drawings and publications of 
curfenit issue shall apply as detailed in this specification. In 
the event of conflict, the detailed provisions of this specifica- 
tion shall govern. 

5.0 . RBQOIREMENTS ' 

one proto spare system, one engineering 
test unit system, one flight system and one flight back-up 
are required. This specification and Helios environmental test 
specifications will apply to all units . 

5.0,1 The Environmental Test Specifications for Helios 
flight axad spare Subsystems is under separate cover and attached 
to this specification . 

|r 5.0.2 The Radio Astronomy Experiment for Helios shall be 

i designed and consti-ucted to satisfy all of these requirements. 

|j ■ 6.0 GENERAL 

|i Materials and processes used during manufacture of items, 

I covered herein shall be of high quality, suitable for the purpose. 



GSFC S-Sl^-l^-l'^ 
GSirc S'-^Toa-^P-i 


2 


PC) f/693-32818 


and conform to the applicable Government specifications as 
applied to Materials , Metals , Component Parts, Soldering 
• Techniques and Workmanship . 

7.0 MECIIANICAI, REQUIREMENTS 

7.1 CONFIGURATION 

The dual swept radiometer which includes the radiometers, 
inter-nal noise source, and crystal controlled oscillators shall 
be coTitdinieid in one package. The package dimensions, excluding 
possible mounting brackets, shall not exceed 2-| x 5 x 7 inches . 

I The radiometer preamps will be separate and located near the 
' ^t\'|fexperiment antennas . The— preamp— diniensdons—shai*l— be— l“X--2-x--4 ~ 




Each preamp will be mounted in a package supplied by 
another experiment and located near an antenna. The noise/ 

. calibrate sv/itching will be performed by the spaceci-aft programmei 
The vendor is required to supply the preamp and attenuatoi- 
switching circuit as a P.C. plug-in module not to exceed one 
inch in height. . 


7.. 2 WEIGHT 





' 1 slui-1-1— h-e— use d . 

^ t 7 .'3 PACKAG IKQ 


5m xhcTudxhg pot'txhg and frames 
°A"nde si g n ~ g otri-“-~of ~l~f2— Kg~niaxim^ 


^ T^^^ shall employ the latest state-of-the- 

art techniques appro NASA GSFG as applied to 

electrical design and assembly of circuit board.s, integrated 
circuits, hybrid networks, and individual component parts . All 
component parts Subject to vibration amplification due to 
raounting, shall be bonded to a rigid structure. The unit will 
then be encapsulated in a low density foam. 

7 .4 MARKING ' 


The marking must not damage the unit or affect'_its functional 


use . 


7.5 CONNECTORS 


, Plight approved Cannon "DM” non-magiietic connectors ai’C 
requix’cd lor ^ electrical interface . Actual type and number will 


ORIGINAL PAGE IS 
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depend upon wii’c type and spacecraft requirements. 

The connectors shall satisfy the electrical interface 
specifications, and be mounted in accordance with the mechanical 
interface document. 

7.6 FINISHES 


Refer to the mechanical interface document for external 
surface finish . 

8.0 temperature MONITORS 

Provision shall be made at the noise source and both 
preamps for mounting a thermistor to monitor the internal 
temperature. An analog output line from each thermistor must 
be provided . ^ ■ 

9.0 ELECTRICAL REQUIREMENTS 

Figure 1 is a block diagram of the Helios Mission Swept 
Frequency Radiometer experiment. . 

9.1 The System Assembly consists of two swept radiometers, 

a noise source for calibration, a redundancy selection circuit 
for independent control of each radiometer, two crystal controlled 
oscillators and t'vo single ended preamplifiers. 

Helios Mission is the 

pperation of the burst- 1 '’adiometer to sweep* in one of several - 

modes, so that the outputs can be read out in the telemetry 
format. The operating of the radiometer will be controlled 
hy the Spacecraft prog The oscillator for each radiometer 

must be able to switch to any sequence when the appropriate four 
(4) binary bits' are applied. Each radiometer will be controlled 
by four ^^^1^ the programmer and must be capable of staying 

on one of the 16 frequencies if programmed . 

The calibration of the radiometer will be accomplished 
when the spacecraft programmer provides a cal/data command to the 
noise soui’ce . The noise, source will have four (4) calibration 
levels, nbi 

Each radiometer must be fully redundant with a paii’ 
or ideiitical channels dcsigiiated A & B. In order to select 
channel A or B, the proj^or signals must be sent to the redundancy 


• ORIGINAL PAGE IS 
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control cj/rcuitry . The redundancy circuitry must be fail- 
safe, that is, either A or B must be powei’ed if a failui’e 
occurs in the switching device. 

9.2 FREQUENCY COVERAGE • 

The frequency baxid swept by each radiometer is 50 IcHz 
thi ough 3 lIHz . 'Table A is a list of the center frequencies 
of each of the 16 channels. The table indicates preferred 
f I e quenciesj however , some deviation from the actual listed 
frequencies may occur. , 

9.3 INPUT IMPEDANCE 

^ Each Radiometer Preamplifier system shall have a balanced 
input. The balanced input minimum parallel resistance and 
maximum parallel capacitance in the frequency range 50 IcHz 
to 3 lIHz shall be greater than 100 kilohms and less than 8 pf, 
respectively, Phase and amplitude control of each RF amplifier 
comprising the balanced input circuitry must be maintained in 
order to achieve a high common mode rejection ratio. Phase shifts 
from the inputs of a pair of pre— amps to the input to the radio- 
meter low pass filter shall be equal to within 3 degrees at each 
operating frequency in the range of 50 IcHz to 3 MHz. The 
tangential sensitivity of the dua 1 radiometer system a t the 
balanced input shall be equal to or greater than -100 dbm. 

Ihe series equivalent impedances (both resistance and reactance) 
to ground of the two balanced input ports shall equal to within 

,jv5% . 

9.4 preamplifier GAIN 


each member of a pair of matched preamplifiers, 
measuicd at the input to the low pass filter for signals in the 
middle of each dyiiamic range shall be equal', to within +0.3 db 
at each operating frequency up to 3 11Hz. ^ ~ 

9.5 CRYSTAL FILTER Bi^NDWIDTH 


Each radiometer shall employ a buffered crystal IF filter. 
The Half Power Bandwidth of the crystal filter shall be 10 IcHz 
for channels A and B. The center frequency of each crystal 
filtci’ shall be 21.4 MHz. The cry.stal filtci’s shall have a 2.3 
to 1 or better form factor (3 to 60 db bandwidths) . Spurious 
frequency response shall be attenuated to -60db. Ripple, as 
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applicable, shall be not gx'eater than 0.3b. Spui’ious fi’equency 
generation shall not occur ii the crystal filters are excessively 
overloaded by large signals. 

9,6 CRYSTAL CONTROLLED OSCILLATOR 

The swept frequency band of each radiometer is tuned by 
its local oscillator. The crystal controlled L.O. frequency 
shall always be above the crystal filter frequency. The L.O. 
is frequency-stepped by applying a 4 bit finary signal to the 
oscillator inputs. The spacecraft programmer will control the 
sweeping action and mode selection of the dual Radiometer System. 
A monitor shall produce a signal for the TM system to indicate 
which L.O. frequency is operating. 


The--fre.quency— — as— det-ermined-by* 


9.6.1 L.O . Compensation 

fih^ . ci 

The--fre.quency— o-f^^ — as— det-ermined-by* 

. ^ d /J *nhe-^spac:e.gXSLLt— pnogr-amme-iLp^must— b e --repeartal33re-^i-4hA4x---^3-^ 

r>-p tvip fi T tpTi.- ha nriwidt-h . Because of the narrow bandwidth 
' ^ ^®Qhirements of the Radiometei’ System, temperature-stable com- 

ponents for the L.O. must be selected and all temperature 
compensating devices selected with caution. Frequency dwell 
time will be compatible with spacecraft telemetry system as 
• prescribed by the encodixig system. 


9 .7 DETECTORS 



The detector shall have a dynamic range of 35 to 40 db. 

The Radionteter gain shall be set so that an input level correspond- 
ing to cbsmic noise in each channel corresponds to about 2.0 volts 
of output oil the 0-30db section of tlie automatic dynamic range 
curve, The detectors output should be limited to 0.0 to 4.8 volts 
and must not exceed under any circumstances -0.25 to -i-5.0 volts. 


The magnitude of the dynamic range sloj>e shall be identical in 
y all the dynamic ranges Th-e-.d.ynami-<>— range^-nharactei:istiGS_shaJ_l 

/•/■’'^foiiONV^ai-straight- -l-ine-.oi-.db -in -vs \—VD6 - out- -within -j— 'ddb— foi- 
-voitages-above— 0— 8— VDC . 

NOTE: All channels shall have similar dynamic range 


9.7,1 Automatic Dynamic Range Operation 




Aa automatic dynuinxc x^ange sel ecto r/ shall be provided 
to choose either the 3^^ 60db, 90db , Joi- 12 ^_b I 'dynamic range for 

the unit. The noi’mal mode of operation shall be 30db of input 
range translated^ DC output range of 0.0 to 4.8 volts. Vdion 

a burst is received whose range is greater than can be handled with 
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this dynamic x'ang; e.y t he range selector shall switch to the 
GOclb, 90db, .Gr"^ 12 Oclb! range , Two automatic range flags shall 
be provided foi’ range identification. These shall change 
within 5 milliseconds, jvl millisecond after the incoming 
signal exceeds the criteria for the range being used. 


9.7.2 Post Detection Time Constant 

The post detection time constant for radiometer A 
and B shall be 10 .laiJJLaseGonds-y-^l— Th/QO lo<y yniU-iScco^'^^ 

10.0 INTERNAL NOISE SOURCE 


■For calibration, the dual Radiometer System shall contain 
an interxial noise source. This noise source, on command from 
the Spacecraft prograramer, shall sequentially generate four 
noise levels above cosmic noise. The cosmic noise reference 
tempei’ature will be about 3 X 10^ at 1.0 MHz. The spacecraft 
programmer will supply a calibrate/data command and during this 
period the system shall supply four (4) calibration noise levels 
to the preamplifiers at the antenna stations . The radiomctex' 
will be swept through its sixteen (16) frequencies at each 
consecutive noise level . The' noise source shall have long 
and Short term stability of +_0. 5 db and shall be shaped to 
calibrate each range of every frequency somev/here between 1.5 
and 4.0 D.C. volts output. The calibration output voltage shall 
be unique for each of the 16 frequencies as a secondary check 
on the. propex' operating frequency of the L.O. 


10. 1 CALIBRATION 

^ each x’adiometer sy.stem shall be 
delivered with the radiometer . These data shall demonstrate 
the^^' p^^ of the radiometer over its dynamic 

range and its oixei’ating temperature I'ange. Foxmat for these 
data Avill be arranged with the NASA Technical Rcpreseixtative, 
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Data shall be taken at 3db steps throughout the dynamic 
range of the radiometer, 

10.2 RADIOMETER STAB I LIT Y 


The ra.diometers shall have a stability and repeat- 
ability corresponding to +0.1 db of input signal for any 
operating oonfiguration within the specification limits. 
This shall apply to output voltages of 0.8 to 4.8 VDC. 

11.0 PROGRAMMERS 


The dual Radiometer System shall be controlled by the 
spaceci’aft programmer contained in the experiment 5 data pro- 
cessing unit. The spacecraft programmer under the control 
of the vai-ious spacecraft encoder signals shall provide the 
necessary voltages for L.O. functions ; irftcrnal calibration, 
the mode change commands, and other timing functions for the 
successful performance of the dual Radiometer System. 


12.0 POWER 

The power supplied to the Helios Radiometer is +^6 VDC 
+1 percent foi’ the main pov/er and +12 VDC foi" the redundancy 
Giretiitry. Maximum powe consumption for each radiometer 
shall not exceed the values given below: 


+12 V at 10 ma 

+6 V at 175 ma . 


6 V at 125 ma 
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13.0 INPUT /OUTPUT SIGNAL CONNECTOR 

An input/output coimector from the experimental package 
is reouired for electrical Interface. This connector iS a flight 
approved Cannon type. Table 3 shows a probable connector type 
and typical pin designations. 

13.1 OUTPUT LINNS T /M 

The analog outputs from the dual Radiometer System shall 
be in the range of 0 to 5V and have an output resistance of 
less than 10 K ohms. The dynamic range flags shall have a 

binary output of either 0 or 4.0volts to indicate range 1,2^ 

3, or 4. The output impedance of these lines shall be capable 
of providing 0-4 volts across a lOK load. 

14.0 DESIGN PEBGAUT IONS 

shall be observed in the design 

and fabrication of the Helios Dual Swept Frequency Radiometer 

System . ' 

14 1 Special attention shall be given to the grounding of all 

circuit and internal sub -^units. Due to the essential natuie_ 

of ground GonneGtions, they will be reduandant. Power, sign 

and chassis grounds shall be isolated, 

14 1 1 Because of the sensitivity in the radio frequency 
« erne-iment all sources of RFI within this experi- 

menVboth radiS^^ Bhall fall below the detection 

leVel of this system. Jurthermore , adequate techniques shall 
W SployS to prevent the introduction ot EFI into the experx- 

ment by for electrical interface. ■ 

14'.1.2 Reliability of operation is of primary importance 
in the design and fabrication of the system. 

experiments on Helios, the magnetic ^ 
cleanliness specifications should be considerod in choosing com- ^ 

poirents and layout. ‘ 

15.0 i^ivTVTUnNXfENTAl QUA LIFICATIONS 

. . : ' ' V. V: .. . ■ ''/I' 

As determined by the applicable specific^a-tions listed ij I 

2.1. the flight units and the flight back-up units shall meet | 
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all environmental qualifications, through the range of con- 
ditions specified. 

15.1.0 The units shall be operationally tempcratui-e 
tested from -20°C to +70°C. The system shall be calibi'ated 
over a temperature I'ange of -10°C to +50°C with no degradation 
in perforraance. A tempera tux’e change of 10°C, in the range 
-20°C to +40^0, shall not cause a change of receiver output 
voltage greater than that coi'i'esponding to a 0.5db change in 
input signal. The afoi'ementioned tempei'ature stability of 
0.05db/®C shall specifically apply to that part of the range 
response curve corresponding to output voltages of 1.0 to 

3 . 0 volts . 

16 . 0 GROUND SUPPORT EQUIPMENT 


Two Ground Support Equipments will be supplied. Each 
will contain a stable noise source for experiment calibration 
in addition to meeting the following requirements. 

16.1.0 The GSE shall supply the proper interface connector, 
power voltages and programming pulses, pulse levels, and all 
Signals for opei’ation of the radiometer. The GSE will in effect 
replace the spacecraft for bench checkout of the dual Radiometer 
System. 

^ ^ ^ The GSE intex-nal programmer must be designed to 

dupliGate in detail the radiometer inputs supplied by the space- 
craft . 

shall bo pi-ovided for testing 

and Galibration of the expei-iment. GSFC will fui-nish the physical 
iehgth of the dipole axxtenna and its base capacitance when the 
S/G ahtehna design is firm. 

16.1.3 The GSE noise source shall be calibrated and the 

data supplisd with the delivered unit. The GSE noise source ^ 

shall have short and^^^ term stability of +.05 db, and sufficionf 

power to calibratG thG radiometer over its 120 db d3''naniic range. 

The noise source output shall be vaxriable in 1 db steps over 
the dynamic range. 

16.1.4 Calibi^ation . 

This unit, in conjunction with the automatic calibra- . 

tion equipment at the NASA integration facility, will bo used foj' 
final calibration of the system. 
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16.1.5 Both GSE'.s shall operate iaentically on 115V 


Hz and on 220V 50 Hz. 


io'^ 


more--than 0 .•(W.-“db‘. 

16.1.6 The GSE shall not generate any REX detectable by 
the spacecraft. 

17 .0 RELIABILITY GOALS 

Reliability of operation Shall he a primax'y design 
parameter and shall be given at least equal emphasis with all 
other design objectives. 

The i-eliability goals for the unit shall be as follows: 

(i) Probability of complete failure during a mission of 

10,000 hours operating time less than 0,04. (confi- 
dence level 60 percent) • 

(ii) Probability of complete success (i.e. no reduction in 
perfoi'inance for at least one of the two radiometers 
A & B. ) during a mission of 10 , OOO houi'S operating 
time greater than 0.8 (confidence level 60 pei'cent) . 

Both of these figui'-es refer to operation in the space 
environment . 

18.0 SAMPLING, INSPECTIQH, AHD TEST' PROCEDURES 

15.1 QUALITY A SSHRAHCE AKT) RELIABILITY . 

The Contractor shall conform to GSFC speeificatiohcstVOS-P-lA. 
¥/tsrich contains Helios Project requiromonts for reliability v ^ualixy 
assurance , malf unctfon reporting , preferred parts , and coniiguratior 

management. - : o • ^ 

18 . 1 . 1 Quality Parts and Materxals . 

a pi'Ogram covering 

Selection, specif icatio.u, and qualification foi' all, items 
to be used in the system which are not government furnished . 
i Selection of parts sha ll b e on the basis Qf 
f proveh . Qua lifiea tions of one h }ja r ial 

'tHF 


environment " pr 


FFG^''^'frpnRna^n~ implie s that 


"tii^'oempon has been sUc^ employed on spacoc ral i. i n 

or bit or tlias beeii CjuaTi f i dd'vy'ia cnlviTontieiita 1 tests ^' cf s p.^ oe — 
■^rTTiriaBJir: — ETrTo Tt7~s'h' ou nf bo^^m^^ ch () S'^fr ~ rtcm!^ a Tready c’ual 

^ISHinent*^ pecl.fi cations and ylo m jaim He; 

genorKc ’tyj^ . V/Ii e n. s c I. e c tjl iousjly, — QVia 1 i i i-C d IhL 

contr'ac t or sbal 1 devote p art le u lax* atto nt 1 on vo ac ^iurt^y da 
applicability of bases of qualification^ and adequacy ol 


ifiee 

~a~~ 
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specif lea tior iB . Neede d additional qualification testing. 
Tf~any, may then bode fine d . Al l parts specifications to be 

contractor for procurement of those parts 
® ^ I I bQ Sub .je ct to criti c a 1 r e v i ew and a p proval by GSFG. 

For parts ali'eady in stock that the contractor intends to 
use their specifications and acceptance records shall tae 
subject to review aiad approval by GSFC. The review will be 
completed by GSFC w ithin 10 \vorking days following receipt 
of the specifications and acceptance records. Wherever 
possible, parts Shall be selected from. 

.c— — ' 


, ) GSFC -PPi -11 , July t7.0, Preferred Parts List 


« . y..:., . 


i.: 


All part I’atings shall be derated for design use as 
necessary to achieve/in conjunction with simplified design and 
redundancy where necessary , the specified a'eliability fox’ the 
unit 


The reliability analysis required as a part of the 
final report shall be based on MIL-HDBK-217, 8 Aug 62, ''Reliability 
Stress and Failux’e Kate Data for Electronic Equipment*’ . 


1 8 . 1 . 2 rnspection and . 


All work performed by the conti'actor will be subject 
to cont-lnuing: review and appi’oval of the GSFG Project Engineei’, 
or his i-epresentative(s) at all times (within the includiixg period 
of perforraance) and places , in the event of a dispute or conflict 
between the contractor and GSFG representative (s) , the issue will 
be referred to the NASA Project Engineer. His decision will be 

fiixal •• ■ " ■ 

In additioh to final inspection and acceptance , 
vax-ious phases of fabr’icat iOn and; packagM^^ will be monitored . 
Techniques wili be subject to y^v by the appropriat 

GSFC representative (s). At critical points during fabrication 
aixd testing, woiduaahship^. a procedures may be subject to in- 
spection and acceptance. 

and submitted for final inspection 
axid acceptance under this contract will be inspected and accepted 
for NASA by GSFC Code 693 techixical representatives as designated 
by the Contract Officer. The unit will bo accepted only after 
they have satisfactorily domonstrated conformity with applicable 
specifications and tests, and are, in the judgement of the in- 
spector, operational. \ , 

oeigmal 
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Final inspection and acceptance will take place 

at the GSFC. 

18.1.3 Failure Poporting System and Reports . 

All failures detected during acceptance testing 
shall be reported on GSFC Malfunction Report, Form GSFC 4-2 
(7/64) , as x’equired by GSFC Specification S-312-P-1 

Reproduce 2 copies of Copy 1 of the Malfunction 
Report and distribute as follows: 

a. Copies 1 and 2 to Quality Engineering Branch 
Code 312 

b. A reproduced copy to Helios Project Office, 

Code 702. 

c. A reproduced copy to the Technical Officer, 

Code 633. 

In addition, the malfunction shall be reportedby 
phone no later than one-half (1/2) working days after part 
failure detection. The telephone call to the designated 
cognizant GSFC representative shall cite pai’t failed, specific 
test under v/^ay at time of failure detection, and any available 
information as to ciircumstanGes and/or probable cause, if known. 

A failure analysis shall be performed by the contractor 

to assign definite cause of part failure (e.g. bad Gomponent part 
in a submodule , bad weld , failure due to vibration , etc. ) . This 
analysis should take place as soon as possible and in no event . 
later than the delivery date of the f ilial report , since it may be 
of assistance to t he contx'actor . One purpose of, this failure 
analysis system and its reporting is to detect faults of a; 
recurring nature in the fabrication and inspection system, such 
as missed welds, so that appropriate remedial action may be 
taken at the earliest possible: time to prevent the occurrence , 
of additional faults of the same type .:Xare should be taken 
in analyzing a failure to pf event additional damage to the rest 
of the subjuodule or m to proven.t: masking of the true fault , 

and thus enable an accurate analysis . No part oi- componen t which 
fails shall be thr©Mt;.:;awayt destroyed, but shall be delivered 
to GSFC. 

When- the: Malfunctioh: Report:- has;'b^^^ - 

produce 2 copies of Copy 4 and dis tribute as 

and 5 to Quality Engineering Branch, 

■: Code 312 i''':'':'.-''. 

b. A copy to Ilolios Project Office, Code 702 

c. A copy to the Technical Officer, 

Code 693. 


PC# 693-32818 

Failure Analysis Reports generated by the supplier 
shall reference the serial nujubef affixed to the Maliunction 
Report. 

The following changes in the instructions for com- 
pletion of the Malfunction Report shall apply for supplier 

use ; 

(1) Project Code - Helio in Block 3. 

(2) Subsystem designation in Block 5 Radiometer . 

The use of contx’actor designed forms is allowed foi' 
internal contractor record keeping, buttlie GSFC Form 4-2 must 
be submitted to NASA. • 


18.2 TEST PROGRAM 


The contractor shall fully test each^unit to insuie ^f^u 
compliance with all elGctrica:! and mechanical requirements of 
the specifications. In addition, electrical tests shall^be 
performed over the operating temperature range. The unit^ 
then shall be delivered to GSFC where it will be subjected 
to detailed electrical , and integration tests . it^ will be 
returned to the contractor within 90 days for plotting , ^ and ^ 
after it is returned to GSFC, it will be subjected to yibration 
teg-ts , Final acceptance will be made thereafter . 


All measurements shall be made with instrvuiients which have 
had their a ccur acy verified periodically against standards 
traceable to the National Bureau of Standards. 

Data shall be provided to G3»C as specified in paragraph 
1S-. 5 cf this; 'Specif ication . ; ^ 1; 

The contractor shall be responsi ni ■' tor electj.ic<'ll 
qualifytng the unit over the full temperature range. Th ^ : 

testinf^ shall be: performed at the contractor 's facility. -n- 
spection of all phases of the actual ; testing^ ^ 

as a: normal: part of :m:bnitorlng: :the :: contra ct :by cogni xant 
personnel:' .of :GSFC.' .r.'..:".'.:: 


Thi'ouvhout all inspection and tests the contractor shall 
laintain a separate each iiidxvidiia!! subiaodulc ^vUd 

IS a means of documenting the history of that item, 
jhall identify the item by .submodule^ type and serial 
system and serial number. Chx’onoiogical ordei shall 
sained, acvO anting for idle periods: oi : time and 
shall be complete, clear, and include (but not 
sollowi.nc: 


and system ^ 
I<>ach log 
number of 
be main- 
movement.s . Entries 
bo limited to) the 
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a. Date and time of entry. 

b. Identity of inspection or test. 

c. Environmental conditions. 

d. Cliar'acteristics being investigated. 

e. Parameter measurements (or I’eference to specific 
test spec paragraph) . 

f. Identification of instrumentation used, including 
serial number and calibration date. 

g. Observed failures and failure report referenced. 

h. Accumulated operating time (to closest 5 minutes) . 

i . Operational diSGrepancies between test results 
and pertinent test specifications or drawings. 

j. Repaj.r and maintenance record. 

k. Record of any unusual or questionable occurrences in- 
volving the items. 

l. Identify of person raaking entry and time of entry. 

Eqiiipment logs shall be available at all times for in- 
spection and I’eview and shall be delivered with the item. 

18.2.1 Temperature • 

18.2.1.1 Storage Temperature. Not required 

18.2.1..2 Operational Temperature . ‘ The unit shall 
be tested to demonstrate compliance with paragraph 15.1.0 of 
this specification. 

18.2.2 Vibration: 

unit Shall be tested as outlined in Attachment 
A, Helios experiments and test specification . 

18.2.2.1 Sinusoidal Vibration. This test shall 
be conducted by swee|5ing the applied frequency once through 
each range specified in Attachment A. • 

18.2.3 Thermal Vacuum 

The unit shall be tested as specified in Attachment 
A, Helios experiments and test specification. 

18.2.4 Radio Frequen c y Interference 

Test shall be performed to prove compliance with 
all requirements of Attachment A, Helios Experiments and Test 
Specification. > 

'■ ^ ■ ' ■ ' ' ■ '' :■ •' ; • ■; ^ ■ 
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18.3 TEST EQUIPMENT PliSlGN 

D e s i g n of test equipment for gubniodule and system checkout . 
All necessary special test equipment shall be contractor designed 
and furnished. The test specifications will include details 
pertaining to the special test equipment necessary for checkout 
of the Submodules and the system as a whole. SinGe it will be 
for bench test and checkout, the test oquipment should not be 
elaborate in appearance or design, but should be funGtional 
and emphasi'te simplicity. The proposed test equipment shall 
be subject to critical review and approval by GSEC . One 
complete set of test equipment will be required for use by 
the contractor during the fabrication and test period. 

Another set or portion ther eo f may be re quired for use by 
GSFC at the time of ET0!« • delivery. Exact functioning 

and purpose of the individual test sets VAill be determined 
by v/hat circuitx-y the contractor, subject to GSFC appi’oval, 
includes in the respective submodules , ; 


. 18 . 4 P kE-lAtmCH TESTIl^G EQUIPMENT ' ■ : ; ^ 

The contraetbr shall provide thd necessary ground support 

equipment for pre-launch testing. 

18.4.1 Pre-Launch Support Equipment - 

This Will consist of an accurate: noiae source, the 

necessary interlace conixector , CW Baiun,, and dummy", antenna , 

18,4.1.1 Interface, The ground support equipment 
will : have proyision :f or monitoring : t : video; output of each 

: channel and' all other dutputs .: : Inputs for: opcratioii via^^:^^^^:,:^ 

externa 1 power supplies : shal 1, be pro,v id Od . ■ Also any nee ossar y 
commands for the operation: of the unit shall : be provided . 

^ 18 . . 4,1.2 : : CW Baiun . Provisions are to be .included 
for inserting CVf signals Ix'om a single-ended unbalanced 50 (2 
source to the input of the balanced radiometers. This shall be 
provided over the entire frequency range with a minimum of 
insertion loss (less than 3 db) . 
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18.4.1.3 Calibration. Calibration data shall be 
supplied v/ith delivery of the ground support equipment . The 
methods used for calibration are to be discussed and approved 
by the NASA technical director. 

18.4.1.4 Sync Pulse and Frame Pulse Generator. The 
ground support equipment must Supply simulated bit clock and 
frame sync pulses for the proper operation of the dual radio- 
meter unit. 

18.5 DOCUMENTATION : / . 

The basic philosophy of the data required is that it must 
be sufficient to summarize the program, document technical 
advances, fully describe devexoped equipment, and in particular, 
to permit fabrication, adjustment, test and eperation of 
developed equipment by any qualified Source. 

18.5.1 MONTHLY STATUS REPORTS ■ 

These reports shouid be informal in appearance 
and presentation. They should be GOmprehensive but concise 
in nature, and should inform regarding the state of schedule, 
rate of progress and expenditure, all fatlures referenced, 
current problem areas together with remedial action suggested, 
and problem areas which are anticipated. Urgent problems may 
be discussed by telephone and these: conversations should be 
referenced: in the reports. X i 

18.5.2 INTEGRATION DATA . X ^ 

Forty-five (45) days after award of contract the 
following Shall be delivei’Gd in one (1) ueproduciW 
five (5) copies: 

.mounting features, connector location and 
type; and 

(2) lDtercomiection;diagrams.^^^^^^^^^^^^^^^^^^ 

■"18.5,3 TEST PLAN . v 

A test plan shall be provided in five (5) copies 
with the first unit delivered. It .shall bo fuliy detailed, 
and shall complotely describe both qualification testing and 
opex’ational testing. 
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18 * 5V4 TEST DATA AND PKELIMIHAKY OPERATION INSTRIICTIOHS . 

Gomplete test anci calibration data and preliminary 
operating instruetiontS in five (5) copies shall be provided 
with each unit delivered . The test data shall be taken prior 
to delivery on each unit and shall be in accordance with the 
specification. 

18.5.5 ENGIKEERIHG DRAWINGS 


Engineering drawings of the last unit shall be 
provided in five sets, one of which shall be reproducible, with 
in 30 days after delivei^y of the last hardware item. The 
drawinp-s shall be class II (l.e. , the contractor's drawing 

sLndards shall apply) in accordance with GS^ 

X623-63-147 (based on MIL-D-70327) . All electrical and 
• mechanical drawings , including complete schematics and parts 
lists, shall be provided; Any contractQr specifications that 
are referenced shall be supplied also in the same number of 
copies 


18.5 . 6 DRAWINGS/CALIBRATIQH, 


Lab tjfpe drawings of the ground support eciuipment 
and calibration data of the unit shall be delivered one (p 
copy of each with delivery of the ground support equipment. 


18.5.7 V EINAE REPORT, V 

A final report Shall be pror^^^^ 20 copies within 

30 days after delivery of the last hardware item. It shall ^ 

coBiply: With requirements: of;GSFG.^^^^ , 

and shall include but not be limited to: 


( 1 ) 

( 2 ) 

(3) 


(4) 

(5> 


m 

( 8 ) 

(9) 

( 10 ) 


»■■■; surmaary. ;of'''':tho:' program 

:OperatiOB :of Vthe ;3;ystemi-,: \ 

theory 'of. ^ opera.t ion to : ■ ful ly oxpla i n t he ■. operation 
of tlie systciii (functional block dia.graras and 
schematics shall be provided as requii'ed) , 
raaintenanGe data if applicable; 
completetcirc^^^ ' ■ ' 

complete set of specifications; 
a reliability analysis; 
a complete failux'O analysi.s; 
radiation effects analy.sis; 

comploto de.sign information and drawings for any 
test jigs used in te.sting the unit; 
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(11) test procedures; 

' (12) a complete set ol calibration data for each 
unit delivered, GSE and flight hardware. 

18 . 6 PREPARATION FOR DELIVERY 

18.6.1 GENERAL 

Equipment prepared for delivery shall be packaged 
in a manner to ensure delivery without damage. It shall be 
enclosed by a vapor barrier, which shall contain a desiccant. 

Tjie humidity state shall be ascertainable without breakage 
of the vapor seal. The packaging shall also be suitable for 
storage. The package and equipment shall survive a temperature 
range (non-operating) of -30°C to +60°C. 

. . 18.6.2 SHIPPING INSTRUCTIONS . 

The F.O.B. destination shall be Goddard Space 
Flight Center, Greenbelt, Mary land shall be 

marked as follows: 

National Aeronautics & Space Administration 

Goddard Space Flight Center 

Code '693 . 

Greenbelt Maryland 20771 
ATTENTION: Richard R. Weber 

Helios Electronic Components -■ 

HAl^mE WITH EXTREME CAUTION 

Completed hai'dware shall be packaged as specified 
by level C of FED STD-102. A telegram stating date of shipment, 
name of carrier, waybill number and airline freight number shall 
be forv/arded on shipment to the 

■ ' ■ ■* ■ . . / ■ ■■■'" *? 

National Aeronautics and Space Administration 

’ ' Goddard Space Flight Center . 

. ' Code 693 

Greenbelt Maryland 20771 

19.0 NOTES 

19.1 PARTS LISTS 

Parts Lists will be submitted to: 

19 


/ 


National Aeronautics and Space Administration 
Goddard Space Flight Center 
Code 693 

‘ Greenbelt Maryland 20771 
ATTENTION:. Richard R. Weber 

For review prior to commencement of fabrication. 

If nothing is heard within a 15 working day period approval may 
be assiimed. 


TABLE A 


STEP 

1 

2 

3 

4 
5 [ 
6 

7 

8 
9! 

10 | 

I 

11 

12 


13 



CENTER FREQ . (kHz) 
26.5 
50 
65 
85 
115 
150 
195 
255 
340 
445 
585 
765 
1,010 
1,320 
2,280 
3,000 
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TABLE B , 

/'CONNECTOIl TYPE AND PIN DESIGNATIONS 

Connector Type: Cannon DDM36W4P with coax insert 

type 'DM53740- 1 


Pin No. 

Type 

. Function 

A1 

Coaxial 

R. F. Input from Preamp A 

A2 

Coaxial 

R. F. Input from Preamp B 

A3 

Coaxial 

• Noise Source Output to Preamp A 

. A4 

Coaxial 

Noise Source Output to Preamp B 

1 

#20 Solid Pin 

‘ Noise Source Temperature Output 


#20 Solid Pin 


+6 VA 

+6VB . 

Spare 

Noise Source Level Select One - N1 

Preamp A Chassis and Signal Ground 

Noise Source Level Select Two - M2 . . 

Preamp B Chassis and Signal Ground 

Redundancy Command 

Cal/Data Command 

-6 VA 

-6 VB 

Interlock 

Interlock ; 

+12V for Thermistors and Redundancy Circuitry 
+12V for Thermistors and Redundancy Circuitry 
AO Control Line for Oscillator A 
At 'Control Line for Oscillator A j ’ 

A2 Control Line for Oscillator A ? 

A3 Control Line for Oscillator A ; 

BO Control Line for Oscillator B 
B1 Control Line for Oscillator B ’’ 

B2 Control Line for Oscillator B ! 

B3 Control Line for Oscillator B * 

+6. 0 Volts Power ■ ■ 

+6.0 Volts Power 

SRB- A Output . . 

SRB-B Output 

Attenuator Control Si Range Flag One 
Attenuator Control and Range Flag Two 
B Temperature Monitor 
Chassis an.l Signal Ground . . 

Chassis and Signal Ground 
Pfeamp A Temperature Monitor 
-6. 0 Volts Power 
-6, 0 Volts Power 
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APPENDIX A 2 

Helios Project Experiment Doto and Command Handling 


Requirement 


HELIOS PROJECT EXPERIMENT DATA AND 
COMMAND HANDLING REQUIREMENTS 



HELIOS PROJECT 
experiment DATA AND COi’JIAND 
HANDLING REC 5 JIREMENTS ^ 

5c Description of Commands and Data for Experiment No. 5c. 

5c-l Description of Commands 

« 

Sc-l.l (A) Normal Operation - On command the experiment 
will step through the frequencies in pairs, 
*e.g. 1-9, 2-10, .. .8-16. Several samples 
are taken at each pair. 

(B) Radiometer 1 or 2 choice - On eommand the 
• experiment will switch from radiometer 1 to 

2 or from 2 to 1. 

(C) Sweep Frequency Operation - On command the 
experiment will operate in a "sweep" 
frequency mode - stepping sequentially 

.^ through the 16 frequencies repeatedly. 

(D) iTwo Frequency Opera-tion - On command the 
experiment will continuously sample an 
arbitrary pair fi'om A (8 choices) 

(E) Single Frequency Opera*tion - On command the 
experiment will lock on a specified observing 

frequency . (16 choices) 

5C-1.2 Command Execution Monitoring 

V®rification of all commands should appear 
^ a^ ^ experiment mode readout in TM format . 

5C-1.3 Criticality of Commands 

No critical commands are forseen, 

5c*1.4 accuracy of time of Execution. Deviatio 

of 10 minutes from requested time is generally 
acceptable. 



5C-1.5 Command Profile 

♦ * # 

f 9 

5c-l. 5^1 Profile dvu'ing countdown - Radio- 
meter 1 will be opera ting; 

5C-1.5.2 Profile During Switch-On - Following 
Injection 

5c-l. 5. 2.1 Nominal Switch-On Sequence. 

Radiometer 1 in node A 
■ until further notice . 
5c-1.5.2,2 Cjontingency Plans for 

Switch-On Sequence . Radio— 

1 or 2. Modes by 
order of preference A, C,D,E. 
Remain in same configuration 
until further notice . 

Sc-1.5.3 Profile During Normal ' Mission 
5C-1.5.3.1 Normal Profile 

Radiometer 1 in Mode A 
with occasional (pex'haps 2 
per month) requests for 
other modes 

5C-1.5.3.2 Contingency Plans . 

A choice will be made for 
the best of the available 
modes . 



5c-2 




Description of Data 
5C-2.1 * Engineering Data 

5c~2.1.i Engineering Telemetry List and 

Description, 3 voltage monitors 
for radiometer power sui>plies 
3 temperature monitors 
5c-2* 1.2 Sampling Rates 

,A sampling rate of approximately 



. I once per hour is sufficient. 

5c*^2. 2 Scientific Data 

scientific data consist- of one 
output from the radiometer which con- 
‘^ains a measure of the antenna 
teinperature and awxiliai'y outputs 
for attenuator setting; and frequency 
^ These will all go into 

the DPU Which serves Exp 5. 

5c-2.2.2’ The Block Length is 304 bits. 

Rates. The 304 bits in a 
block are generated in one S/C rota- 
tion and stored in a memory. After 
they are telemetered to Earth another 
S/C rotation of data is put in memory 
for transmission . At normal data 
rates severa T rotations will be lost 
between those which are accepted by 


the memory. 

5c -3 Presentation of Data 

» ■■.. ■■ . ■ - • j- . .. .. #■• ■>; . ; * 

Sc-3.1 Real Time Presentation 

Sc-3.1.1 Engineering Real Time Presentation 
5c-3. 1.1.1 Real Time Profile 

The voltage and temperature 



readings constitute only 
a few readings per hour. 

They are needed only' In 
the early phases of the 
flight or for any critical 
developments in the SA^ 
later. 

The voltage and temperature 
’ readings will be Inter- ^ 
preted by hand via cal Ibra- 
, :/:_tions . ' 

Real Time Pre- 
sentation A tabular listing 
Is adequate. 

5C-3.1 .2 Scientific Time Profile . Data are needed 1 
for several days after launch and expert-, 

\ v,:''';^;:' ■;:■ 

5c>»3.1.2.2 pescription of Data. The 

noise temperature 
' V.::, : is determined by hand via 

;, calibration curves from the 'i 
radiometer output voltage, 
tpe attenuator setting and | 
the temperature of the 
electronics . 

5c -3. 1.2. 3 Method of Real Time 

Presentation. A display 
receiver output voltage vs 
time is required for each 
frequency for evaluation of j 
system performance. \ 

5c -3 . 2 Quick Look Presentation • 

56-3.2. 1 Engineering Quick Look Presentation 
The same requirements as discussed 



J 


In 5C-3.1.1 will apply to Quick 

I , ■ 

•Look engineering data to detect 
malfunctions throughout the mission. 

5c-3. 2.2 Scientific Quick Look Presentation 
.5C-3.2. 2.1 Quick Look Profile. 

Several hours of data 
are required at least once 
per week 

5C'^3.2.2.2 Descx'iption of Quick Look^ , 
Data. Same as 5c—3.1.2.ii 
. 5c-3.2v2.3 Method of Data Transmitted. 
5C-3.2.2.2 Method of Data Presentation 

; I Same as 5c»3.1.2,3 

. - 1 ■ ""'i. 

5c-4 Operational Mode Status Monitoring 
Sc-4.1 Monitoring Points 

5c~ 4 . 2 Method of Display 

5C-4.3 • Method of- Recording Notes 
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SCOPE 


1.1 INTRODUCTION* This specification sets forth the minimum 
reliability and quality assurance (R&QA) provisions re- 
quired for HELIOS project instruments. 

1.2 RELATION TO OTHER CONTRACT REQUIREMENTS. To the. extent 
that any inconsistencies exist between the contract 
schedule and this specification, the contract schedule 

I shall talce precedence. 

2 , APPLICA6I£ DOCUMENTS 

2.1 GENERAL. The following documents form a part of this 

specification to tjhe extent described herein and in the 
contract . ■ 

2.2 NASA HANDBOOKS 

5300.4 (lA) - (Formerly NPC 250-1) , "Reliability 
program Provisions for Aeronautical and Space 
System Contractors," April 1970 Edition. 

2.2.2 ilHB 5300.4 (IB) - (Formerly NPC 200p2) , "Quality 
. ^ ^ for Aeronautical! and Space 

System Contractors," April 1969 Edition. 

' - 2-»2,Z NHB 5300.4 (3A) - "Requirements for Soldered Electrical 

Connections," May 1968 Edition. 


2 . 3 GSPC, Document s 

2.3.1 S-312-P-1 - "GSFC Specification for Contractor 
Malfunction Reporting, " March 24, 1970. 

2.3.2 GSFC Preferred Parts List, Latest edition in effect 
on date of Request for Proposals. 


2,4 DOCUMENTATION SUBMITTAL. The contractor shall submit all 
documentation specified herein and tabulated in Appendix A. 
The definitions of approval, review, and information in 
Section 1B103 of NHB 5300.4 (IB) apply to this requirement. 

. The contractor sha ll prepare a milestone chart for docu - 
mentation sub mit tal and distribution. - 
3-. REQUIREMENTS 

3*1 QUALITY ASSURANCE. The contractor shall establish and 
jnaintain an effective quality program to satisfy, as a 
Biinimum, the following provisions of NASA Handbook 

. '3#1.1 Chapter 1: Introduction. All paragraphs. 

;3.l, 2 Chapter 2; Quality Program Management and Planning, 
paragraph 1B200 General. 

^ 1B201 Organization. 

Paragraph 1B202-1 Training 
Paragraph 1B206 Quality Program Plan 

3: Design and Development Controls. 

All paragraphs, 

3. 1.4 Chapter 4: Identification and Data Retrieval, 

paragraph 1B400 General. 

paragraph 1B401 Identification Methods. 

Paragraph 1B402 Documomtation. 

3.1.5 Chapter 5: Procurement Controls. 

Paragraphs IB 500 through 1B506. 

3.1.6 Chapters 6 through 13. All paragraphs. 

3.2 RELIABILITY. The contractor shall implement a reliability 
program in accordance with the following provisions of 
NASA Handbook NHB 5 300.4 (lA); I 
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3.2.1 Chapter 1: Scope, All paragraphs. 

3. 2. 2 Chapter 2: Reliability Program Management, 

Paragraph 1A201-1, Reliability Program Plan. 

■ . . i 

Paragraph lA205-3^ Supplier Control. 

Chapter 3s Reliability Engineering, 

Paragraph 1A303-1, Failure Mode, Effect and 
. Criticality Analyses. 

Paragraph 1A305, Design Review program. 

Paragraph 1A306, Problem/Failure Reporting 
and Correction, 

Paragraph 1A308, Parts and Materials Program 
3*2.4 Chapter 4s Testing and Reliability Evaluation. 
Paragraph 1A402-2, Testing-Qualification of 
. ' Hardware. 

^ Testing - Test Specifications, 

Procedures and Reports,. 

3.3 PROPOSED R&QA PROGRAM PLANS. The contractor shall submit 
a Reliability Program Plan and a Quality Program Plan with 

The plans shall describe how the contractor 
wiil ensure compliance with the required R&QA provisions 

the same paragraphing format of NHB 5300.4 (IB) and 
* The Contractor shall also submit. a cost estimate for 
each-element in the Program Plans, 

3.4 SO|LDE RING. The contractor shall establish and maintain a 
Sc^ldering program meeting the requirements of NASA Handbook 
NHB 5300. 4 (3A). 

3.4.1 The documents required by paragraph 3A207 shall be 
submitted to the designated GSFC QA representative 
for review. 
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3.5 CONFIGURATION CONTROL. The contractor shall submit a 
proposed and a final Configuration Control Plan to 
describe the contractor's formal means of technical 
evalu ation, documentation accounting, and a pproval of _ 
changes to end- items in accordanc e with GSFC requirements 
fo r Configuration Control., 

3.6 MALFUNCTION REPORTING. The contractor shall report 
malfunctions to GSFC as required by S-312-P-1. 

3.7 PREFERRED PARTS LIST. The contractor shall select parts 

■ i 

from the GSFC Preferred Parts List (PPL). Parts not on 
the PPL will be considered as "Non-Standard Parts" a nd 
vil i requi re the approval of t he Parts Branch, Code 311, 
GSFC. The contractor shall submit appropriate data as 
nece-ssary to justify the use of any non-standard part. 
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APPENDIX A 


RIK)A DOCUMENTATION SUBMITTAL CHART 


SUBMIT FOR 

APPR REV. INFO* SEND TO t 


S^02-P«l 


a Proposed Quality Program Plan 

Quality Program Plan 
•Change Control System Document 
Test Specifications, Inspection and Test 
Procedures, and End-Item Inspection and 
Test Specs and Procedures 

End-iltem Insp. & Test Report 

Written Requests for NASA C.O# Approval 

Documentation Package 

Proposed Reliability Program Plen 
C Reliability Program Plan 

Design Review Input Packages 
Design Review Meeting Minutes 
Design Review Reports . V 

Parts, Devices, & Materials Specs* 

Parts, Devices,' & Materials Quallf* Test 

Specs. & Reports 

. Parts, Devices, & Materials Lists 

Parts, Devices, & Materials Application 

Review 

Qualification Status List 

GSFC Malfunction Report Form 4-2 * 

Conf iguration Control Plan 
fj*o Proposed Configuration Control Plan 


S-702-P-1 

1B206 

1B302 

1B702, 

moa^and 

1B704 

1B705-7 
1B805 
f B1102-2 

SH7Q2-P-1 

1A201 

1A305-1 

1A305-1 

1A305-1 

IA308-4 

1A308-5. 

lA308-6^v 

lA3D8-7^ 

1A402-2.^^ 


3-312-P-l X 

3-702-P-l X 
S-702-P-1 


Project Off* 
Project Off. 
Project Off • 
Project Off« 


Project Off* 
Contract .Off. 
With End-Item 

Project Off. 
Project Off. 
Project Off* 
Project Off. 
Project Off. 
Project Off* 

Project Off. 

Project Off. 

Project Off* 

Project Off. 

Project Off* 

Project Off. 
Project Off* 


With Proposal 

Within 30 days after award 
With Configuration Control Flan 
30 days prior to start of appl* 
test 

I With documentation package 
When written 
With shipment 

I 

\ 

With Proposal 

Within 30 days after award. 

15 working days before meeting 
5 working days after meeting 
30 days after meeting 
With Parts, Device, & Matr* 

List 

With Parts, Device, Matr* 

List 

60 days prior to initiation of 
detailed design 
With Design Review Input 
Package 

With Parts, Devi^.c St Matr* List 
As required by S-312-P-1 

Within 60 days after award 
With Proposal 
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Reliability Angiysis for Helios Dual Swept Frequency Radiometer 

System 



1.0 



3.0 

4.0 

5.0 

6.0 


7.0 

8.0 


INTRODUCTION 

! - 

DEFINITION OF THE SYSTEM 

CONFIGURATION OF THE SYSTEM 

DEFINITIONS OF OPERATING STATUS , 

FAILURE MODE ANALYSIS FORMAT 

DISCUSSION OF ANALYSIS RESULTS 

6.1 pre-amplifiers 

'6,2 Radiometer 

'NdN-REDUNDANT ELEMENTS 

CONCLUSIONS AND RECOMMENDATIONS 


RELIABILITY ANALYSIS 
FOR 

HELIOS DUAL SWEPT FREQUENCY RADIOMETER SYSTEM 

1.0 INTRODUCTION 

This is a qualitative failure mode analysis of the Radiometer system developed by 

Woshington Technological Associates for the NASA Goddard Space Flight Center under 

C®htract Noe NAS 5“n396. 

The reliability estimate (calculation enclosed) gives a value of .861, well within the 

renability goal of e 80 given by the specifications. 

The estimate is based upon reliability data available in MIL Handbook 217B and on the 
use of the newly manufactured oscillators installed in flight systems 1 and 2. By using factors 
for space use, failure rates were obtained for the components used and the reliability of the 
system was calculated. 

The failure rate for the hybrid oscillators was calculated on the basis of discrete com- 
ponents. It is a fair assumption that if the assembly process is mature and accurately controlled, 
the hybrid assembly will be more reliable than a printed circuit board or a cordwood construction 
unit because the number of connections is reduced by one-third to one-half. 

The first oscillators built demonstrated an abnormally high failure rate. This was traced 
to incomplete removal of trichlorethelyne used in the cleaning process. Premature failure was 
discovered on a number of units, including some of the units in prototypes 1 and 2. The process 
wds changed and tightly controlled with the Government witnessing at every step in the process for 
flight 1 and 2. As a result, we do not know of a single operational failure of these new oscillot^. 
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R«?cently, however, it has been reported that the unit in B spacecraft, i.e. the flight 2 
radiometer, shows some signs of instability that may or may not result in a failure. The 

suspected channels are two channels on radiometer A and one channel on radiometer B. 

If one assumes that the two channels on radiometer A fail, then the experienced failure 
rate is 1 .97 X 10"^ rather than the .394 X 10"^ predicted. Using 1.97 x 10"^ in the 
reliability calculations shows the reliability of radiometer A to be .693 arid the re- 

i. . . . 

dundance reliability of the radiometer system to be .8045. 

2.0 DEFINITION OF THE SYSTEM 

The Helips Dual Swept Frequency Radiometer system is designed to measure the amplitude 
of a differential signal obtained from a pair of monopole antennas mounted on the Spacecraft, 
in the radio spectrum between 26.5 khz. and 3 Mhz. The meosurement of the amplitude of the 
differential signal is derived from samples of amplitude at sixteen discrete frequencies, which 
ore obtained from a continuous sweeping of the entire band. Amplitude calibration Is obtained 

by means of on internal source of constant value. 

3.0 CONFIGURATION OF THE-SYSTEM 

The system is shown in simplified block diagram and in the complete schematic blueprint 

attached to this report. 

The two antennas are mounted on the spacecraft 180 degrees apart to obtain the differential 
component of the field; they feed seporately into the two pre-amplifiers. These preamps are 
matched for gain and phase shift and their gain is automatically controlled by the radiometer to 
dbtain a range of 90 db. An internal noise source for calibration purposes is included, and is 
controlled by a relay. 

The outputs of the two pre- amplifiers are connected differentially to the input of the 
Radiometer's amplifiers. 


The two radiornoters arc 


used In stondby redundancy and cansist af the following ma.n 


components: 

.) The super heterodyne amplifier with sixteen seporate local oscillotors, r. mixer, ^ 

erystol filter, I.F. amplifier, detector, end log omplifier. ^ ? 

b) The ronge control circuit (which outomotlcolly niodmes the gain of Hte pre-ompllWi 
and telemeters the appropriate gain flags). 

c) the telecontrolled logic commend for the switching of the local oscilb^^ 

4.0 DEFINJTIONS OF OPERATING STATUS ^ i ^ 

For the purpose of this Follure Atmlysls, the system is ossumed to hove succepfuHy 
^rvlved the lounching stresses end tp^rote in spec, voemrmt^thin o temperature range | ^ 

of -20 to +70 degrees Centigrade. 

, A failure is defined as the complete absence of the signal indicating the level of rcdlatioa 

to be'measured, an<t/or the absence of the range flag. 

, A oartial failure is defined as any lr«gularlty in the radiation l,vel signol, whether this 

I, produced by improper calibration, improper frequency sweeping or other anomaly. 

A mrecessfu, operotion is obtained whenever the signal level is transmitted at all fr«,u.ncies 

Jtablished and the level flags show proper performonc. of the gain control systmn. 

5.0 FAILURE MODE ANALYSIS FORMAT | 

The .nclased follure mode analysis is made at the subassembly level, the effect of 

rl» failure of the individual parts in the Short and opmt m«.. ls the effect on the particular 

subossernbiy considered. 

Each subassembly is indicated by sheet, .he parn list, and the failure mod. 

and effects sheet. 



For example, the first analysis is on the Pre-amplifier, and the effect of the failure 
short is the failure or partial failure of the pre-amplifier, not of the total system. In the case 
of the Radiometer, its subassemblies are listed on the parts list of the Mother Board PC 731. 

With the exception of the oscillators, all subassemblies of the Mother Board are essentiol to 
the operation of the radiometer; therefore, the indication of failure of the subassembly is a 
direct indication of the failure of the radiometer. The failure of any one of the 16 oscillators 
would imply only failure of the radiometer to transmit that particular frequency of the faulty 
oscillator, and should therefore be considered only a partial failure of the radiometer. 

In other words, the effect of redundant configurations is not indicated in the analysis 

sheets, but will be considered only in the discussion. 

6.0 DISCUSSION OF ANALYSIS RESULTS 

6. 1 Pre-amplifiers 

The two amplifiers are matched to eliminate as much local interference and self- 
generated noise as possible; however, since each pre-amplifier can be calibrated separately 
from the ground, one can still obtain a calibrated ^s in the radiometer even with one of the 

two pre-amplifiers not functioning. Depending upon the amount of internally generated noise 
and local Interference, the failure of a pre-amplifier can be considered a partial failure of the 
system, even though the two pre-amplifiers are not strictly connected in redundant configuration 
The very large percentage of parts at the 0.001 established level of failure rate makes this con- 
figuration highly acceptable. 

6.2 Radiometer 

The two radiometers are in redundant configuration as explained previously and there- 
fore, no signal part failure will produce a system failure. In this sob-assembly, the large 


number of ccmponent parts purchased to low established failure rate levels, and the highly 

i ■■ ^ ■ . ■ : . 

derated operating conditions ossure o long failiire”free operation. 

7.0 NON-REDUNDANT ELEMENTS 

The Noise Source is the larger non-redundant element in the system, its function, however, 
cannot be considered absolutely essential to the operation of the system, because the system is 
calibrated completely before launch with a much more accurate signal source. Its:use in space 
ii needed only in the event of a variation in the received signals, to detent^ine if they ore pro- 
duced by a failure in the system or some other malfunction in the rest of the satellite. 

Other non-redundant elements in the system that must be considered critical are: the 

redundancy switching, the transformer board, and the command interface. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

This failure analysis has shown a well-balanced design configuration of the various com- 
|>pnents in the system, with redundancy used only at the largest components level giving adequate 
assurance of reliable performance of the system. 

' A large percentage of the parts used have established reliability levels or were selected 

from the Preferred Parts List; however, many parts had to be qualified. 

U interesting to note that the preliminary reliability analysis delivered on October 3, 1972 
relied primarily on estimated data for most parts. The failure rate presented in the final report 
is higher by a factor of approximately 2.5 but the reliability estimate for the radiometer dropped 
only from .992 to .970. This small drop is largely because of the redundancy of the radiometer. 

It con also be seen that if the oscillator failure rate is assumed to be twice as great as presented 
(.394 X 10“^ to .788 X lO*^) the radiometer reliability decreases from .970 to .952 and the 
system reliability decreases from .861 to .845. As previously shown if two oscillators fail the 
rate is increased from .394 X 10“^ to 1.97 x 10"^ and the system reliability decreases from .861 
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ELEMENT 

FVieamp 

Mixer 
Filter 
AGC 
Oscillator 
Mother Board 
Output Card 
IF amp 
Amp 
Logic 1 
Logic 2 
Logic 3 

TOTAL RADIOMETER 

Noise Source 
Noise Switch 

TOTAL NOISE 

Rjedundanc/ Sw. 

Ttonsformer 
Command Interface 

TOTAL SYSTEM RELIABILITY 


RELIABILITY ESTIMATE 
FOR 


- 5 ^ 


.446 

.22 

.062 


.394 

.016 

.426 

.093 

.195 

.126 

.136 

.177 

2.088 

.265 

J4b6 


RELIABILITY redundance 
FRT e-FRT RELIABILITY 


.0446 .956 


.2088 . 8196 


.671 

.0671 

.935 

.066 

■ ^ , 

.066 

.993 

.055 

.0055 

.985 

.265 

.0265 

.973 


.998 


.970 


.861 
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Hel ios Radiometer Experiment 5C Test Plan 




HELIOS EXPERIMENT 5C TEST PLAN 



13 July 1973 



‘ Prepared for 

NaHonal Aeronautics Space Administration 
Goddard Space Flight Center 
1 Greenbelt, Maryland 20771 
Code 693 

NASA Contract * NAS 5-11396 


Prepared by 

Washington Technological Associates, Inc. 
979 Rollins Avenue 
Rockville, Maryland 20852 

A Subsidiary of Quanta Systems Corporation 
WTA No. 3436 


HELIOS EXPERIMENT 5C TEST PLAN OUTLINE 


1.0 GENERAL 

2.0 ELECTRICAL TESTS 

2.1 Crystal Filter Bandwidth 

2.2 Crystal Oscillator Stability 

2.3 Log Amp Stabilization 

2.4 Noise Source Calibration 

2.5 Preamp Operation 

2.5.1 Input Z 

2.5.2 Phase Matching 

2.5.3 Gain Matching 

2.6 Post Detection Time Constant 

2.7 Output Voltage Stability 

2.8 Power Consumption 

2.9 Precalibration 

2.10 Calibration (computer) 

2.10,1 Cal ibration (without computer) 
3.0 MECHANICAL TESTS 


3.1 


1.0 GENERAL 

The purpose of this test plan is to provide testing and operating procedures for 
qualifying and operating the HELIOS Radiometers. This plan includes operating procedures, 
electrical tests, mechanical measurements, integration, and environmental tests, 

1.1 Test Equipment 

1 All test equipment used to test or operate this experiment must be dalibrqted 
at the time of the test, as defined in the WTA Quality Assurance Handbook and as monitored 
by the appropriate DCAS Representative (s). 

1.2 Test Documentation 

Each test must be recorded on data sheets made for that purpose or in data notebooks, 
as appropriate. Each entry must be dated, signed, and the test equipment used noted. 


2.0 ELEaRICAL TEST 


The purpose of electrical testing is to verify that the equipment meets the electrical 
specifications of GSFC Specification S-693-P-2 as amended by Contract NAS 5-11396. 

Certain electrical tests can best be accomplished before the Radiometer is packagedy 

t.e.y Items referenced in 2.2, 2.3, 2.4, 2.5 - all others are tested with a complete Radiometer 

. i ' Z 

2.1 Crystal Filter Bandwidth 

The purpose of this test is to demonstrate that the Following specifications are valid; 

1. Bandwidth - 10 kHz ± 1 kHz cif 3 db points. 

2. Skirt Selectivity 

Bandwidth > 

lOikHz” <“3db 
23 kHz - > -60 db 
Ripple - <.3db 

This test is made with the Radiometer- connected to and operated by the GSE, but 
without preamps. Connect the Radiometer and test equipment as shown on figure 2.1-1 . ! 

Operate the Radiometer as outlined in Appendix A. Turn on GSE and Radiometer power 
and adjust the channel selector to Channel 10. The filter response should now show up on 
the screeh* Measure and record the 3db and 60db bandwidth and ripple at room temperature. 
Data from this test should be recorded on Test Data Sheet 2.1-1 . 




(Sheet 1 


Test Data Sheet 2.1-1 
HELIOS RADIOMETE R 
Radiometer A/B Preamp A/B 


pate Time Started 

Crystal Filter - S/ N 


Time Ended 


Test Conditions: 


Test Equ i pme nt Conne ctiohs : 
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Test Data Sheet 2.1-1 
HELIOS RADIOMETE R 
Rodiometer A/B Preamp A/B 

. V. ■■■'■■;: . , 

Date Time Starte d Time Ended 

I 

Crystal Filter - S/N 

Temperature 

3db Bandwidth ■. ''■■■' . 

Ripple ' '' ■ ■ v 


+60® C 


2.2 Crystal Oscillol'or Frequency Stability 

This test is used to determine the total frequency variation over the temperature 
range of -20° to 4^0° C. Because of monitoring difficulty, this test must be performed 
with each oscillator as a separate entity. 

Set up equipment as indicated in figures 2.2-1 and 2,2-2, Note the output 
frequency at +25° C, -20° C/ and ■*dO°C. Subtract the maximum positive and negative 
excursions i The result is the total frequency variation of the oscillator. 

Dato from this test should be recorded on Test Data Sheets 2.2-1 and 2.2-2. 



L -1 


Environmental Test Chamber 
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Test Data Sheet 2.2-1 
HELIOS RADIOMETE R 
Radiometer A/B Preamp A/B 

Dote Time Started 


Radiometer A - Crystal Oscillator 
Test Conditions: 


Test Equipment Connections: 


Time Ended 
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Test Data Sheet 2,2-1 
HELIOS RADIOMETER 
Rqdlometer A/B Preamp A/B 


Time Started Time Ended 



Radiometer A - Gystal Oscillator 


Channel S/N 


Frequency Frequency 

@25°C @ -20°C @ -^0- C 







I y 

\ :■ t ■■ 

I ; 

s ' -' Test Data sheet 2.2-2 

HELIOS RADIOMETER 

I ■■ Radiometer A/B Preamp A/B 


I i ; Date_ Time StartecI 

tt 

Radiometer B - Crystal Osciliator 


Test G>nditions: 


Test Equipment Connections; 
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Time Ended 
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Test Data Sheet 2.2-2 
HELIOS RADIOMETER 

Radiometer A/B Preamp A/B 


Date 


Time Started 


Time Ended 


Radiometer B ~ Crystal Oscj I lator 

Frequency Frequency 

Channel S/N @ 25® C @ -20° C 

. 2 ^ : ■. 

- ' ■ :V 

6 ■ • - ' ^ : ' - . 

^ : '■ - 

9 - - • 'V 

; 11 ■' :> ; 

12 : 

13 ; ' " , , ■ ,, ,; '■■ ■■ 


Frequency 

@ 










2.3.1 Vary input voltage in seven steps as shown below and record output voltage at 
DVM with ambient temperature at -10° G room temperature and 

Input (mv) ^ Output (volts ) 

- 4mv 
’ -lOmv 
-20 mv 
: _ -40 mv 

. -lOOmv 
-250mv 
-400 mv 

Test t)c»ta Sheet 2>3.1- used to take data for this test. 
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(Sheet 1 


I Test Data Sheet 2.3. 1-1 

HELIOS RADIOMETER 

Radiometer A/3 Preamp A/6 

: ^ I . . ■ i 

Date Time Started Time Ended 


Log Amp 


iJ 


Test Conditions: 


of 2 ) 


Test Equipment Connections: 
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Date^ 

Log Amp 
S/N 


S/N 



Test Data Sheet 2. 3. 1-1 
HELIOS RADIOMETER 

Rodiometer A/B Preamp A/6 
Time Started Time Ended 


I I +25° C -20° C -»dO°C 

Output Output Outp ut 

lOmv 
20 mv 


40 mv 
lOOmv 
250 mv 
400 mv 


Vpmv 
20 mv 


40mv 
l OOmv : 
250 mv 


400 mv 






2,4 Noise Source Golibration 

This test is used to determine the frequency response, and variation of output level 
ov^r temperature, of the noise source assembly PC”722. Because of monitoring difficulty, 
thjs test must be performed with the noise source as a separate entifyj Set up equipment as 
livJicated in figure 2.4-1. Record the output level at +25° C, -20° C, and 460° C. Also, 
plot the output level versus frequency at +25° C on a graph. Switching either SI or S2 to 
-6 VDC should reduce the output level by approximately 20db. Switching both SI and S2 
should reduce the output level by 40db. 

Data from this test shall be recorded on Test Data Sheet 2,4-1. 


+6VDC -6VDC Ground 
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Figure 2.4 t1 




Test Data Sheet 2.4-1 
HELIOS RADIOMETE R 
Radiometer A/B Preamp A/B 

Date Time Starte d 

Noise Source Output Level 

SAI 

Test Conditions: 


Test Equipment Connections: 


(Sheet 1 of 


Time Ended 




2.5 Preomp Operation 

2.5,1 Preamp Input Impedance 

This test is used to determine the input impedance of the preamp assembly PC-716. 

Set up equipment as indicated in figure 2,5. 1-1 , Mode "A". Set the signal 
generator to 20 kHz and note the output level. Change to Mode "B" and adjust the p^^^^ 
tiometer for a 3db reduction in output level. Measure and record the potentiometer resistance. 
Repeat this procedure at every octave up to 3 MHz. Change to Mode ''C”* Adjust the signal 
generator to 20 kHz; adjust the potentiometer to the resistance obtained with the preamp at 
20 kHz, and return to Mode "A" “ the output level should be the same as that obtained in 
iMode "A" above. Adjust the frequency to 3 MHz. Adjust the potentiometer to the resistance 
obtained with the preamp. Note the output level . Change to Mode "C" and adjust the 
capacitor for a 3db reduction in output level . Return to Mode "A”. Set the signal generator 
to 20 kHz and note the output level . Change to Mode "C" and adjust the potentiometer for 
a 3db reduction in output level. Measure and record the potentiometer resistance. Repeat 
this procedure at every octave up to 3 MHz. Compare the results obtained in Modes "B" and 
••C". They should be the same. Measure the capacitor. The result is the equivalent input 
impedance. 

Data from this test shal I be recorded on Test Data Sheet 2.5. 1-1 . 
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Dot e 

Prejomp S/N 

Input Impedance 
Test Conditions: 




Test Data Sheet 2.5. 1-1 

HELIOS radiometer 

Raijiometer A/B Preamp A/B 


Time Started 


Time Ended 


Temperature 25® C 


Test Equipment Connections : 
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Test Data Sheet 2. 5. 1-1 
HELIOS RADIOMETE R 

Radiometer A/B Preamp A/B 

Date ' Time Starte d 

Pr^mp S/N 

Input Impedance 
Calibrate Test Set Up: 


Freqyency Voltage Open Grcuit 

20 kHz , ■ 

200 kHz 

500 kHz ' ' ■ ■ 

1MHz 

2 MHz ' 


Time Ended 


Temperature 25® C 


Terminated with 16pf/l00 K's 


3 MHz 



2.5.2 Preamp Phase Matching 

This test is used to determine the phase match of the preamps. 

Set up equipment as indicated in figure 2. 5. 2-1 (A). Zero the vector voftmeter. 

Set up equipment as indicated in figure 2. 5,2-1 (B). Vary the input frequency from 20 kHz 

; : I 

to 3MHz while monitoring the phase difference on the vector voltmeter. Record the maximum 
pdsitive and negative excursions of phase. Repeat the above procedure in the mid and low 
gain modes. The total phase discrepancy shpuid not exceed 6°. 


Data from this test should be recorded on Test Data Sheet 2.5. 2-1 . 





test Data Sheet 2. 5. 2-1 

HELIOS RADIOMETER 

Radiometer A/B Preamp A/B 

Time Starte d 

and 


Test Conditions: 


Dote 


Preamp S/N 
Phase Matching 



Test Equipment Connections: 
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Time Ended 
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Test Data Sheet 2, 5. 2-1 



HELIOS RADIOMETER 
Radiometer A/B Preamp A/B 


Dote 

Time Started 

Time Ended 

Preamp S/N 

and 



Phase Matching 


Phase (RelotivjB) 

Frequency @25°C @-20®C 

20 kHz 

•joOkHz , ' 

500 kHz 

IMHz . 

2 MHz . ^ V :-._ : ^ : 

3 MHz 


@+60®C 

! ■ 


2,5.3 Preamp Gain Matching 

The test is used to determine the gain match of the preamps. 

Set the equipment as indicated in figure 2. 5.3-1, Starting in the high gain mode 
at 20 kHz, record the gain at octave intervals up to 3MHz. Repeat in the mid and low gain 
modes. 

Changh to the other preamp and repeat the above procedure. The gain plots of the 


two preamps should track to within 0.6 db across the frequency spectrum in all gain modes. 
Data from this test should be recorded on Test Data Sheet 2. 5.3-1 . 
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'Test Data Sheet 2 .5.3-1 

HELIOS RA DIOMETER 

Radiometer A/B Preamp A/B 


Time Started 


Preamp S/N 

Gain Matching 


Test Gonditions: 


Tesl’ Equipment Connections: 


Time Ended 
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Test Data Sheet 2. 5. 3-1 

HELIOS RADIOMETER 

Radiometer A/B Preamp A/B 

Date Time Starte d Time Ended_ 

Preamp S/ N a nd 

Gain Matching 

Temperature 

Frequency 25® C -20® C 

20 kHz : ____ 

" I ; 

100 kHz _____ ' 

l 

1 I - 

500 kHz 

I ^ 

2 MHz _____ 


+60° C 


3 MHz 


2,6 Post Defection Time Constant 

The test^^^i^ to determine the time constant of the output card PC~729. Set 
up equipment as Indicated In figure 2,6-1 . Inject a 100msec pulse at a repetition rate of 
approximately 5pps Into the input of the log amp. Note the output waveform, it should 


Indicate a time constant of 8.2 msec. 

this test shall be recorded on Test Data Sheet 2,6-1 . 
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Test Data Sheet 2.6-1 
HELIOS RADIOMETER 

Radiometer A/B Preamp A/B 


Dat e Time Starte d Time Ended 


Post Detection Time Constant 
S/N ond 


Test Conditions: 


Test Equipment Connections: 
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Test Data Sheet 2.6-1 
HELIOS RADIOMETE R 
Radiometer A/B Preamp A/B 


Date 


Time Started 


Time Ended 


Post Detection Time Constant 


Time Constant 

S/ N ____ 

S/N — 



2.7 



Output Voltage Stability 

The output voltage stability may be measured by monitoring the A out or B out 

jacks of the ground support unit. Data from this test shall be recorded on Test Data Sheet 2.7-1. 

' ■ ,1 \ 

2.8 Pbv/er Consumption 

The ±6VDC power consumption may be read directly from the front panel meters. 

The +12 VDC power consumption may be measured by inserting a current meter into 
the line between Pins, 31 and 32 of J2 on the Radiometer and Pin 23 of J3 on the ground 
support unit. Data from this test shall be recorded on Test Data Sheet 2.8-1 . 

2.9 P^ecalibration 

This test is used to determine the functional capability of the Radiometer system. 

Set up the equipment as indicated in figure 2.9-1 . Set the ground support unit 

■ I 

up for manual operation. Turn on the noise source and adjust the manual attenuation for 

! 

-ilOdb. Note the residual level . Adjust the manual attenuation to -lOOdb and note the 
level. Keep reducing the attenuation In lOdb steps while noting the output level . There 
should be a linear change In output for a log change in input level until the output reaches 
approximately 4,5 volts. At this point, the Radiometer should go to range two. Continue 
djscreasing attenuation through ranges two and three until saturation is reached (approximately 
5.0VDC). A dynamic range of approximately 90db should be obtained. Repeat the above 
procedure on Channels 5, 10, and 1 6 at temperatures of 25° C, -»^0®C, and -20® C. 

Data from this test shall be recorded on Test Data Sheets 2.9-1 . 

Precalibration is used only when calibration with the computer is anticipated. 
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I Test Data Sheet 2.7-1 
HELIOS RADIOMETE R 
Radiometer A/B Preamp A/B 

Date Time Starte d 

Output Voltage Stability 

Radiometer A - S/ N Radiometer B - S/N 

Test Conditions; 


Test Equipment Connections; 


Time Ended 
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Test Data Sheet 2.7-1 
HELIOS RADIOMETER 

Radiometer A/B Preamp A/B 

i ■ _ . . ' ‘ 

Dat e Time Starte d 

Output Voltage Stability 
Radiometer A - S/ N 

Test Time 

\ \ 

■ . 2i i ■ ■ / : - : 

. ■ " I ‘ V 

4 ,1 ; : - - : 

" 5; - V ' ■ ■ 

6 : :V ^ ^ : 

Radiometer |B - S/ N 
Tesi ; 

' ■ ' . I ■ . ; ■: ' ■' ^ 

■; l; .:::.. 

...: . 


Time Ended 


Output Voltage 


(Sheet 1 of 2 ) 


Test Data Sheet 2.8-1 
HELIOS RADIOMETE R 

Radiometer A/B Preamp A/B 


Date Time Started 


Power Consumption 

Ratliometer A - S/N Radiometer B - S/N 

■ } ■ ■ ■ ■ ■■ 


Test Conditions; 


Test Equipment Connections: 


Time Ended 
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i Test Data Sheet 2.8-1 

HELIOS RADIOMETER 

Radiometer A/B Preamp A/B 

Dat e Time Starte d 

Power Consumption 

Radiometer A - S/ N 

Normal 

Minimum Maximum 

: ■■■;+j6V , ■ 

________ ________ 

+12V 

Radiometer B " S/ N 

+ 6V ' . 

t ; • ' 

- 6V 


Time Ended 


Colibrate 

Minimum Maximum 
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iTest Data Sheet 2.9-j 
HELIOS RADIOMETE R 
Radiometer A/B Preamp A/B 

Dat e Time Starte d 

Mechanical Tests 

I , ^ ^ 

Radiometer S/ N Preamp S/ N and 


Weight; 

Radiometer - Unpotted 
Potted 


Preamp S/N 

. ! 

Unpotted 


Potted 




Preamp S/N 


unpotted 


Time Ended 


Potted 
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Date 

Precglibration 
Radiometer A 


Test Data Sheet 2.9-1 

HELIOS RADIOMETER_ 

Radiometer A/B Preamp A/B 


Time Started Time Ended 


Temperature +25° C 


Input Level Channel 1 Channel 5 Channel 10 Channel 16 

-lOOdbm , ' . ' ' ; " '' -- - — 

- 90dbm __________ __________ _____ — — — - 

- 80 dbm ___________ - — — 

- 70 dbm '' - — I 

- 60 dbm __________ ■ ■ ' ' ' '' ' 

~ 50 dbm V — — — 

- 40 dbm - __________ ; : : 

- 30 dbm ^ ; . ■ 

- 20 dbm , ' ■ ■ ' ' ' ' ■ ' ■ ' ''■ ^ ■ — - 
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' Test Data Sheet 2.9-1 
HELIOS RADIOMETE R 

Radiometer A/B Preamp A/B 


Date 

Time Started 

Time Ended 

Precalibration 




Radiometer B 



Temperature +25° C 

Input Level 

Channel 1 

Channel 5 

Channel 10 Channel 16 


-lOOdbm 

- 90 dbm 

- 80 dbm 

- 70 dbm 

- 60 dbm 

- 50 dbm 

- 40 dbm 

- 30 dbm 

- 20 dbm 
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Test Data Sheet 2.9-1 

HELIOS RADIOMETER 

Radiometer A/B Preamp A/B 


Date Time Started Time Ended 


Precalibration 


Radiometer A 



Temperature - 10® C 

Input Level 

Channel 1 

!.. , ! . 

Channel 5 

Channel 10 Channel 16 


100 dbm 
90dbm 


- 80 dbm 

- 70 dbm 

- 60 dbm 

- 50 dbm 

- 40 dbm. 

i... 

- 30 dbm 

- 20 dbm 
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Test Data Sheet 2.9-1 

heLios radiometer 

Radiometer A/B Preamp A/B 


Date Time Started Time Ended 


Precalibration 


Radiometer B Temperature -10° C 

Input Level Channel 1 Channel 5 Ghannel 10 Channel 16 


-100 dbm 

- 90dbm 
-80 dbm 
« 70 dbm 

'■i : 

- 60 dbm 

- 50 dbm 

- 40 dbm 

- 30 dbm 

- 20 dbm 
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Test Data Sheet 2,9-1 
HELIOS RADIOAAETER 
Radiometer A/B Preamp A/B 


Date 

Time Started 

Time Ended 

Precalibration 

Radiometer A i 


Temperature +40® C 

i, _ 

Input Level 

Channel 1 Channel 5 Channel 10 Channel 16 


-lOOdbm 

- 90dbm 

- 80dbm 
70 dbm 

- 60dbm 

- 50 dbm 
40dbm 
30 dbm 
20 dbm 
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Test Data Sheet 2.9-1 
HELIOS RAD10METER_ 

Rodiometer A/B Preamp A/B 

Dat e Time Starte d Time Ended 

Precalibration 


Radiometer B 



Temperature +40° C 

Input Level 

Channel 1 

Channels 

Channel 10 Channel 16 

i 

-100 dbm 




- 90 dbm 


■ y ■ ■ 



- BO dbm 

- 70dbm 

- 6ddbm 

- SOdbm 

- 40dbm 
-SOdbm 

- 20 dbm 
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2.10 CALIBRATION PROCEDURE FOR EXPERIMENT 5C WITH COMPUTER 
2.10.1 Internal Calibration 
Radiometer A 
Select command 09 

Press the "Execute Command" key 

Select command 01 (reset) 

Press the "Execute Command" key 

Select command 20 

Press "Execute Command" key 

The computer will store the test data on magnetic tape. At the end of the calibration 
cycle, the computer will stop data storage and print all data which has been stored. 

Radiometer B 
Select command 10 

Press the "Execute Command" key 

^ (reset) 

Press the "Execute Command" key 

Select command 20 

Press "Execute Command" key 

The computer will provide data storage during the calibration cycle and a print 

out after all test data has been accumulated. 

2.10.2 Calibration with Externa! Inputs 


Radi ometer A 

Setthe bit-rate 1024 
Tjjrn on the Experiment 5C 
Turn on the DPU 
Sielect command 01 (reset) 

Press the "Execute Command" key and wait for 20 seconds 
Sjelect command 10 (Radiometer B) 

Press the "Execute Command" key and wait for 20 seconds 
Select command 09 (Radiometer A) 

* Press the "Execute Command" key 


C- 


The computer stores input amplitude versus output amplitude. Each of the 16 channels 
Is monitored 16 times at each input level. The experiment input level is increased 3 db after 
the 16 frequencies have been monitored. This process confihues automatically until the radio*; 
meter has been calibrated at 16 frequencies with 129 db to Odb in 3db increments. At the end 
of one complete sequence, the computer will automatically stop data acquisition and will print 
all data for Radiometer A. 

Radiometer B 

Select command 10 

Press the "Execute Command" key 

The computer accumulates and prints the Radiometer B data in the same fashion as 
it did for Radiometer A. 

2,10.3 Environmental Calibration 

Install the unit in a temperature chamber and make all necessary electrical 
connections. 

Stabilize chamber at -20° C. Repeat Tests l and 2. One must turn the 

chamber control off while data is accumulated. Noise’ created by the chamber 
control circuitry can cause interference which may produce false readings. At 
the end of each data accumulation period, turn the chamber on and allow at least 

1 15 minutes for restabilization. 

Stabil ize chamber at 0° C. Repeat Tests 1 and 2. 

Stabilize chamber at 440° C. Repeat Tests 1 and 2. . . 

Stabilize chamber at +60° C, Repeat Tests 1 and 2. 
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3.0 MECHANICAL TESTS 

Each unit shalT be weighed on a Double Beam Balance. The units shall have 
covers applied where applicable but shall be less connectors. 

Data from this test shall be recorded on Test Data Sheet 3.0-1 . 


(Sheet 1 


Test Data Sheet 3.0-1 
HELIOS RADIOMETER 

Radiometer A/B Preamp A/B 


Date Time Started 


Mechanical Tests 


Weight (grams) 


Radiometer 
Preamp 


Prpamp 


Preamp Housing 

before preamp is installed 
Preamp Housing 
after preamp is installed 


Unpotted 



Time Ended 


Potted 


COMMAND FUNCTIONS 
EXPERIMENT 5C 


PART V 


Command 


Reset 

Frequency Bit - 0 
Frequency Bit - 1 

FreR'JS'^cy “ 2 
Frequency Bit - 3 


MODE Bit - 0 
MODE Bit - 1 

MODE Bit - 2 

i 

radiometer a 

rIdIOMETER B 


Command No 
01 

05 

06 

07 

08 

03 

04 
02 

09 

10 
20 


Calibrate 







Repairs and Maintenance 


i 



Unusual or Questionable Occurrences 


I'i- 

Mj 



APPENDIX P 


CALIBRATION 


1.0 CALIBRATION 

Calibration of the Radiometers was done differently on each unit. 

The flight 1 Prototype was calibrated at GSFC using the Helios Computer. This 
data is available at GSFC, 

The Flight 2 Prototype was hand calibrated at WTA. The data was delivered 
with the equipment. 

The Flight 1 and 2 units were hand calibrated at WTA. The data is on data 
sheets included in the log books previously delivered. 


